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ABSTRACT 


A new bacteriophage PR5 was isolated and some of its 


biochemical and biological properties were studied. 


The phage appears to have an icosahedral structure 
which sometimes bears a tail. The phage particies have a 
buoyant density of 1.26 g/ml in CsCl. Its nucleic acid 
content is composed of double-stranded Linear DNA molecules 
which have a molecular weight of 724 x 10® daltons and a Gtc 
ratio of 49%. The phage has 81 parts of protein to 19 parts 
of DNA by weights Approximately 17.5% of the dry weight of 
phage material was Lipid. The chief Lipids present are 
phosphatidylethanolamine, phosphatidylglycerol, and 


cardiolipin. 


The phage is specific to the Pi, WandN groups of 
plasmids and has a wide bacterial host range. Different 
burst sizes are observed with ditferent host bacteriae 
Adsorption of phage to bacteria appears to be somatic. 
Studies using bacterial hosts defective in Lipopolysac— 
charide structure suggests that the receptor involves hexose 


Sugars of the core Lipopolysaccharide.s 


Results of serological studies have established PR5 as 


a different phage form two other related phages PR3 and PR4. 
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INTRODUCTION 


In 1860, Loeb reported the isolation of a series of 
male specific phages which he Labelled f1 through £7 because 
of their specificity for Escherichia coli strains carrying 
the fertility factor F (47)* Since ex: other male phages 
have been isolated in various laboratories through out the 
world. They constitute a unique class of bacterial virus 
which share one host range peculiarity— these phage can only 
infect those bacteria carrying a sex factor, and do not grow 
on female (F-) hbacterias However, except for this common 
host specificity, they represent a rather heterogeneous 
group with respect to size and shape, nucleic acid content 
and other propertiese In view of these diversities, they 
can be classified into 3 groups: (1) isometric RNA phage, 
C23 nit abt owe DNA phage, (3) isometric DNA phagee A 
possible fourth group which corresponds to filamentous RNA 


phage has not been describede 


i. Isometric RNA phage 


An especially Large number of independent isolates come 
under this groupe The most studied are coliphages Like f2, 
RiJ, MS2, ia QB e- Transfer of the F factor to strains of 
Shigella , Saimonella , and Proteus brings these bacteria 
within the host range of the phagee New isolates are 
continuously being described. These include M12 (34); fr 
(54)3 gs (65)3 FnhS (28)3 u2 (16)3 £ can (21); some 30 phages 


reported in Japan (94); 6 isolates by Bishop and Bradley 


“VOLTOVAOA Tut 
; A fche _ 


te asines 2 To nak?storb od? patwedon asot oars at i 


vA 


sousond T2 dysvotd? If Wes leans: oes dotaw eusitg ahi . 


_ ua 
gakyareo anierte ta: eitahiadoed 108 X49 aida resale bs 


ae perig osam naito ,Weds eonte : of Th) * bled a a) 


vino 169 syetq seeit “eh inettuiaes egnnt wee ano 9 
02g toa ob bap peepee xee D yolyrtes. ainetond 
aommo 2 eldd po tapoxe pane eataeaoed a> - 

: sua snHQ07199 of ster s Feeenhaen ‘ginal veneee ; 
“+nsIRO® bios abesoun etd beus exie of as“ ee 

* Cort! ene: i? Leaey Ib ceeds ae asiv at _sastrtsaons 


ienert “AMS abt amoes, 4 I) tequots é wees ndighidenté a: 


> 


1 An Ve soya ana otatomon (6) reaadg aua avotnema dit 
Awa evormsmal it oF ‘ebaogeer109 doldw qworm atauot 9 


=) 


sbedinossb ased tou ead 


egedg ANA iat emosl 


amo aotstoek Sasbasqebat to tedaun ey1t6e)s Usiaiosqes aA 
eo . ) e#it eayedqiles ato beibute teom sit acti eid? aa 
Rod aninrte ©? totost FY edt to aeteaerT « ao baa “oem Via 


niaatoed oeent exaiad avelotd bons ¢ aiisaonles ‘ aisjowide 


he Peer pee segunda: en? toa vanes ‘feos ad? anidti-w 


he momenta G6: wmo® i€45}onno ® (aL) Sw 408S) aad Ba) @ hbSD 


wh 
- ie A nt vEOED eeu ebyloni seedt sbediaaseb gn ied. vieuoua tines 
: 


pitbeoe bas qodell xd eetetoei 6 (6G) neqgal ai betas 


(6)3 and a recent isolate PRR1 by Olsen (67). 


These isometric RNA phage contain single-stranded RNA 
molecules. They appear to be tailess and have a more or 
less similar hexagonal outline by electron microscope which 
suggests an icosahedral structure. Different authors have 
reported variaticn in the number of capsomeres with differ— 


ent phage (10,92). 


Watanabe studied the serological relationship of these 
phages and found that they fall into 3 groups (94). He 
further demonstrated that serologically retated phages aiso 
have similar RNA base ratios (95), membrane filter-salt 
elution patterns (63), and buoyant densities in CsCl (64). 
Studies in other Laboratories also indicated relatedness 
among these phages with the exception of QB (69,80). The 6 
isolates of Bishop and Bradley were found to fall into 2 
serological groups 16). Base ratio analysis showed that two 
members of one group, ZJ/1 and ZIK/1, were similar to QB, 
while the remaining group was similar to the f2 phages (70). 
Serological relationships of the R factor phage PRR1 with 
these RNA phages have not been investigatedes However, it 
was shown to have a different salt elution pattern on 
Millipore filter from £2, which suggests dissimilar coat 


protein composition (67). 


Attachment of RNA phages to their host occur along the 
Side of sex pili (15,37). Further more, with the exception 
of PRR1, they all adsorb to F pili or F-Like pili produced 


by certain R factors which are antigenically different from 
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the I or I-like pili produced by some colicinogenic factors 
and R factors (60). In fact these phages are often used to 
determine the nature of sex pili generated by various sex 

factorse The specific nature of the pili which adsorb PRRI 


has not been reportede 


Intracellular particles can be seen in infected host 
bhacteriae Phage assembly appeared to be cytoplasmic (10). 
These RNA phages generally kill their hosts after infection 


and phage progeny is released by cell Lysis. 


Table I lists some properties of the RNA phages which 
have been studiese They are grouped after Watanabe's scheme 
which is based primarily on their serological relatedness, 
Similarity in base ratios, and density in CsCl. Phages 
which were not included in the original studies have heen 


acded to each group based on published date. 


2- Filamentous DNA phage 


Shortly after the discovery of the RNA phages, 2 
reports appeared describing the isolations of two rod-Like 
DNA-containing male phages fd and M13 (54,34,)- Meanwhile 
one of the seven phages isolated by Loeb was also found to 
be filamentous. Other phage isolated under this category 


are shown in table II along with some of their propertiese 


These filamentous phages are Long flexible filaments of 


5.5 nm in diameter. Two tength distributions have been 


observed, the F phages being 850 nm long and the Pseudomonas 
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TABLE I 
RNA PHAGES 


Diameter Buoyant S20,W %RNA Mol Wt Base Ratio 


(nm) Density x10¢ Cc A U G 
(87) (87) (87) (87) (87) 2405 2264 2566 27.52 
(87) 
20 25-9 2261 2501 26.8 
(78) ( 48 ) 
26-6 78.9 31.7 iel 24e9 23-1 25-7 26-3 
(27) (24) (24) (30) (62 ) 
75-30 27.2 23.2 28-0 21.6 
/ (65) (65) 
21 1.246 79 28-4 1.2 24.9 24.3 23-7 27-1 
(54) (S54) (S54) :' (55) (55S) (55S) 
22.5 : 2Se1l 24.0 23.7 27.2 
(6) : (6) 
27 1 
(34) (84) 
24 ' 1.42 78 32-34 23e7 23-8 2721 25.4 
(16) (16) (16) (16) (16) 3 
1.457 719 ~ 2529 2343 24.6 26-25 
(95) (95) (95) 
25 1.453 80 
(67) (67) (67) 
1.44 76 : 2392.9 27.8 23.7 24.6" 
(95) (95) (95) 
25 1.47 83 22-1 29-1 23-7 24.7 
(69) (69) (69) é (69) 
2265 2307 28-2 23-8 24-3 
(6) (6) ; 


hydrolysis 


Alkaline hydrolysis 

ZG is similar to 3 other isolates by Bishop and Bradley 
MY is similar to 7 other isolates in Japan 

Figures calculated from reference (95) 

GA is similar to 8 other isolates in Japan 

Figures calculated from reference (95) 

QB is similar to 11 other isolates in Japan 


is similar to ZIK/1 isolated by Bishop and Bradley 
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and I phages being 1300 nm. X-ray diffraction patterns 
Showed that the coat protein molecule is arranged in the 
form of an a helix (56). The nucleic acid is a single- 
strand of circular DNA formed into a linear molecule like a 


circle of string pulled taut at opposite ends (57). 


Most filamentous phages adsorb to the tips of sex pili. 
Thus, formation of mating pairs and phage adsorption 
interfere with each other (37,68). Since there are only a 
few of these pili per bacterium, the adsorption rate of 
these phages is lowe Experiments using sex pili sheared off 
with a blender showed that adsorption is polar in nature, 
that is, only one end of the phage filament is used to 
adsorb to a pilus, and only one end of the pilus can adsorb 
the phage (58). Unlike the RNA phage which adsorb 
exclusively to the F type of pili, these filamentous DNA 
phages exhibit different pili specificities. The majority 
adsorb to F type of pili while the If phages can only adsorb 
to I type pili. The phage {ike, however, does not adsorb to 
either of these pili types. No pili receptor site was 
detected with this phage (40). The same is true with the 
Pseudomonas phage Pfe No pilus + phage complexes have been 
demonstrated from sensitive hosts although these hosts 


apparently formed recombinants with female bacteria (11,61). 


Unlike the RNA phages which eventually lyse their 
hosts, these filamentous phages are released from infected 
bacteria without killing them. There is a pool of viral DNA 


in the cell, but no viral protein has been detected in the 
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cytoplasm. It has been suggested that the epeua. DNA picks 
up its coat protein from the cell membrane while being | 
extruded (93,79). However, single gene mutation in the phage 
genome did give rise to mutants which cause bacterial Lysis. 
They stop the growth of the host and destroy its colony 
forming ability (73). Filamentous DNA phages are notorious 
for their turbid, iti-defined plagues due to bacterial 


growthe 


Serum neutralization studies established the If phage 
and Pf phage as 2 distinct groups ee in turn differ— 
ent from the remaining group of F ities (35,59,61,73 ). 
Antisera raised specifically to one of the If, Pf or fd 
group of phage apparently have Little or no inactivating 
activity for members of the other two groupse However, 
interpretation of these results is complicated by electron 
microscopic studies which revealed that antibodies to [If did 
adsorb to the side of fd and EcS filaments, although 
apparentiy this had no effect on the plague forming ability 
of these viruses (59)- On the other hand, studies with M13 
mutants showed that changes in the coat protein (B protein) 
of the phage altered its sensitivity to antiserum (58 ). 
Thus, it is clear that antigenic behavior does not offer a 
straight-forward answer as to the relatedness of these 


phagese 


3e Isometric DNA phage 


The detection of this group of male phage occurred only 
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recently. So far only three phages are known to belong to 
this group, designated PR3, PR4 and PRS. PR5 was nabiedes 
during an unsuccessful effort to search for a phage specific 
for the P2 group of R factors (81) While PRS was being 
characterized, another report appeared which also described 
the isolation of two similar phages PR3 and PR4 in Australia 
(85). Since preliminary studies revealed cats interesting 
features about these phages and little has been published 
about them so far, it is the purpose of this thesis to 
describe some biological and biochemical properties of the 


member of the group detected Locally, phage PRS. 


The isometric DNA phages appear in electron microscope 
as icosahedra some 65 nm in diameter, with or without a tail 
(12, this thesis). One outstanding feature of the virus is 
their thick double walled appearance which resembles the 
Lipovirus PM2 (32) and suggests the presence of Lipids. 
Bradley and Rutherford have supported this suggestion by 
chloroform inactivation of PR3 and PR4 infectivity (12). 

The nature or quantitation of the Lipid material has not 
been reported, Studies on PR5 reported in this thesis 


confirm the presence of Lipid in PR5. 


Phage PR3 and PR4 nucleic acid has been reported to be 
double-stranded DNA based on fluorescent staining of phage 


DNA» Further characters of the DNA have not been described. 


Unlike the isometric RNA phages whose host range 
includes bacteria carrying the fertility factor F and 


certain R factors which generate similar F-Like pili, these 
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DNA phages are strictiy R specific, being able to infect 
only three classes of BR factors, and would not infect a 
bacteria strain carrying a Pseudomonas fertility factor FP 
(85). The most efficient hosts studied with PRS are FE. 


aeruginosa strains carrying the R factor RP4. 


The EF factor RP4 belongs to the Pi group of R factors 
(81) carrying resistant determinant to tetracycline, 
neomycin / kanamycin, and carbenicilline This R factor has 
been isolated independently and has been variously 
designated as RFi (31), RP4 (20), R1I822 (66) and R18 (17). 
Studies on these isolates indicated that they are similar, 
if not identical R factors. It has an unusually wide host 
range which extend outside the family Enterobacteriacaea to 
include Pseudomonas and some soil organisms (20,66). This 
perhaps explains the somewhat ubiquitous occurence of the PR 
PphageSse Unlike many other E factors which either form F- 
Like or I-like pili, RP4 does not produce either, as indic— 
ated by the resistance of RP4-carrying bacteria to both F 
and I phages {20)2 However, there is evidence that this R 


factor does produce sex pili £67,123. 


So far five phages are known to infect bacteria 
carrying this R ¥factore These include the PRS group of DNA 
phages, the filamentous DNA phage Pf3, and the isometric RNA 
phage PRR1. Except for PRR1 which adsorb to pili, the 
receptor sites of the remaining phages appear to occur on 
the cell surface over the whole of the bacterium. The only 


somatic male phages known outside this group are the 
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Pseudomonas phage Pf and the R factor phage Ike. 


Failure to demonstrate sex pili in some male bacteria 
has remained a puzzle and presents a difficulty to the 
existing models of bacterial conjugation. The discovery of 
this group of somatic male phages perhaps make things easier 
for they indicate that some cell wall antigens other than 
sex pili are also produced after the bacteria has received 
the sex factors, and it is not unreasonable to suppose this 
might also be involved in the process of bacterial conjugat— 
ione In addition because the host range of these phages is 
Limited to bacteria which carry FP factors or certain 
classes of R factors unrelated to the F factors, it is 
possible that diiferent systems exist depending on the 
particular plasmids and hosts involved. in any case, these 
somatic phages might prove to be useful tools for the 
understanding of bacterial conjugation just as the pili 
phages have beene The PR5 group of phage will offer 


particular advantage due to its unusually wide host range. 


Another interesting feature of the PR5 group of phage 
is their Lipid content. Relatively few Lipid containing 
phages have been described. Only two of these phages have 
been studied intensively, one of which is the marine 
Pseudomonas BAL3I1 phage PM2 (25) and the other is the 
Pseudomonas phaseoclicola phage ¢@6 (93)- Both are 
icosahedral in structure, and Like PR5, have unusually Low 
buoyant density of less than 1.3 g/cm? in CsCle A list of 


some properties of PM2 and ¢6 are given in table I[Iil. 
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The two phages have very different appearances by 
electron microscopy. 66 was seen to be surrounded by a 
thick Lipid envelope which sometimes give the appearance of 
a blunt tail, probably a result of streaming of the Lipid 
layere Removal of this Lipid Layer with chloroform revealed 
an icosahedral structure 50 nm in diameter (23). No lipid 
envelope was observed with PM2. Instead, the viral shell 
appears double-walled and represents a Lipid bilayer (32). 
Spikes were sometimes seen at the vertices of PM2 particles. 
PR3 and PR4 phages are more similar to PM2 than #6 in that 
they appear to possess a bilayered wall. Results reported 


in this thesis suggest this to be true for PR5 as well. 


Lipid analysis of these Lipid phages revealed a 
quantitative difference between phage and host Lipids (table 
Iil and this thesis). These observations suggest that 
assembly of the viral capsid might involve a Lipid bicsyn- 
thetic mechanism specified by phage DNA. Hence, these 
viruses present themselves as potential tools in the study 
of lipid biochemistrye The PR5 group may prove to be 
especially useful because their host bacteria include a 
variety of E. coli , Pseudomonas and Salmonella strains 
whose biochemistry and physiology have been well studied and 


fully characterizede 
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MATERIALS AND METHODS 


1e Bacterial strains and their maintenance 


The bacterial strain used for routine propagation of 
the phage PRS5 and as donor in the transfer of the R factor 
RP4 was a nalidixic acid resistant derivative of E. coli K12 
SA 1306 pro- met— (from Dr. Ks Sanderson, University of 
Caigary) harboring the R factor RP4. The source of R 
factors used and their characteristics are Listed in table 


IV. 


P. aeruginosa strain PAOI1 and its non-piliated 


derivative were originally obtained from Dr. De Es Bradley, 


Memorial University, Newfoundland. Ese coli Ki2 JA53 pro- 


met— was from Dre Ee Meynell, University of Canterbury; and 
Pe. aeruginosa 280 resistant to rifampicin was from 
Dre Bryane Ail other recipient strains were obtained from 
the culture collection of the Department of Medical 


Bacteriologye 


Salmonella minnesota strains were kindly provided by 
Dre Ke Es Sanderson, Universty of Calgarye Their strain 


designations and chemotypes are Listed in table XI. 


ALL R+ bacteria were routinely transferred every four 
weeks to agar containing a suitable antibiotic and the 
presence of R factors were confirmed using an antibiotic 
disc method (5). to detect appropiate antibiotic 


resistancee 
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TABLE IV 


SOURCES OF R-FACTORS 


R-factor Source Resistance 


—— Se SS 


RP4 Ge Jacoby, Massachusetts Ch K T 
Gen. Hospital 


———— — —— — — —  S 


RP1 MeHe Richmond, Bristol, England Cbd K T 

RPS aa aa a3 aa Cb KT 

R1 "4 a8 ae os St Su Ch K Am 
Sa ea Jee 7 ae St K G Am Ch Su 
R57b 8 s a4 sd Ch Su St Am 
R112 Ye Chabbert, Paris, France K 

R113 aa aa aa aa T 

R931 LeEe Bryan, Edmonton St T 

Cb — carbenicillin, K — kanamycin, T — tetracycline, 

St — streptomycin, G — gentamycin, Su —- sulfonamides, 


Ch —- chloramphenicol, Am — ampicillin. 
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ALl chemicals used were of reagent grade. 


3e Bacteriophage 


Phages PR3 and PR4 were kindly provided by Dre Ve 
Stanisich, Monash Universitye Phage PRS was isolated from 


Edmonton sewagee 


4. Media 
Trypticase soy broth (TSB) or agar (TSA) (BBL )-. 
Oxoid nutrient broth Noe 2 (NB) or with 1.5% agar (NA)o 


Soft agar was 0.7% Noble agar (Difco) in NB supplement-— 


ed with 1 mM calciun chloride. 


Antibiotic plates for bacteria carrying RP4 were NA 
plates containing 100 ug carbenicillin and 50 ug kanamycin 


per mle 


Rifampicin resistant mutants were selected by plating 
inocula of rifampicin sensitive bacteria on NAP containing 
100 ug per ml, of rifampicin. Colonies appearing after 18 
hours incubation were routinely resistant to higher than 100 


ug/ml rifampicines 


Selection for R+ recipients (transconjugants) was done 
on MacConkey agar or NA containing 100 ug rifampicin and 50 


ug Kanamycin per ml. 
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Mueller-Hinton agar (BBL) was used for drug resistance 


assay by the disc methode 


Se Bacterial conjugation systems 


Ae Broth mating 


Both donor and the rifampicin ony recipient 
strains were grown to a density of 109 cells/ml (A 600=0.5, 
Spectronic 20, Bausch and Lomb) and were mixed at a ratio of 
1 2: 1 wr 1: 10, donor to recipient cells. Five ml of the 
mating mixture were added to a 150 mi medicine bottle and 
incubated flat side down at 379. The mating mixture was 
then diluted and plated on NAP or MacConkey plates contain-— 
ing rifampicin and kanamycine Isolated bacterial colonies 
after overnight incubation were streaked once more on 
antibiotic plates to obtain pure clones of the transccon— 
Jjugante These were grown in TSB and their drug resistance 


patterns were determined using the antibiotic disc methode 


Be Filter mating for low frequency R factor transfer 


Both the donor and the rifampicin resistant recipient 
strains were grown to a density of 10° cells/ml (growth 
temperature was 42° for Salmonella species) , and were mixed 
at a ratio of 12 1. Five ml of the mating mixture were 
filtered through a 25 mm diameter Sartorius membrane filter, 
pore size 0.245 ue This membrane was placed on NAP and 


incubated at 37° (42° for Salmonella speies)- After 
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overnight incubation, bacteria were eluted by suspending the 
membrane ina tube containing 5 mi of TSB and vigorously 
mixing the contents using a vortex mixer. Different 
dilutions of this bacterial suspension were plated on NAP or 
MacConkey agar plates containing rifampicin and kanamycine 
Transcon jugants were selected with the same procedure 


described above. 


6- Bacteriophage isolation 


The isolation of an KP4 specific phage from Edmonton 
sewage followed a method described by Olsen and Shipley 
(66). The centrifuged sewage supernatant was incubated with 
a log phase culture of Es coli K12 SA 1306 RP4 at 37°. 
After overnight incubation the Lysate was centrifuged at 
5000 x g for 10 min to pellet bacteria. Different dilutions 
of the supernatant were plated on Pe aeruginosa Pu21 k&P4 
using the double layered agar method (see 7) and spot tested 
(see 8) for lytic activities on Rt and R- Es coli . Phage 
which formed plaques only on Rt and not R- strains were 
eluted by stabbing the plaque with a needle; this single 
plaque elution was repeated twice. Phage isolated in this 
manner were propagated on Ee coli SA 1306 RP4 as described 


in section 7. 


Je Bacteriophage propagation and purification 


The double Layered agar technique (1) was used for 


preparation of high titre phage stocke Soft agar was 
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Snaanleted with a log phase culture of E. coli SA 1306 RP4 
and bacteriophage was added at a multiplicity of Unvectinn 
(moi) of 0.001 phage per bacterium. The mixture was poured 
on NAP and incubated at 379. NB (10 ml) was added to the 
plates showing confluent lysis and nage altowed to stand for 


30 mine 


The soft agar was scraped into a beaker and this was 
mixed with the broth on a magnetic stirrer for one hour to 
elute the bacteriophage from the agare Agar and bacteria 
were removed from the mixture by centrifuging the 
preparation twice at 8000 x ¢ for 0 adns The supernatant 
obtained was centrifuged in a Beckman L2-65B 
ultracentrifuge, rotor Ti 19 at 50,000 x g for 30 min at 4°, 
The pellets were dispersed in a small volume of fresh TSB 
and centrifuged'at 10,000 x 2 for 20 min at 4° to remove 
bacterial debris. The finai supernatant was further 


purified ina CsCl step gradient. 


A 5 step CsCl gradient veal made with buoyant desities 
of 1218, 1222, 127, 1-31, and 1.35 gZ/mle The phage was 
layered on the surface of the gradient. This was 
centrifuged in a Beckman L2-65B ultracentrifuge, rotor 39, 


at 35,000 rpm and 4° for 3 hours. 


After centrifugation, a major pnage band near the 
middle of the tube was clearly visible. The side of the 
tube was pierced with a hypodermic needle and the band 
collected into a syringe. Collected phage was stored in 


CsCl at 4° or dialysed against buffer solutions or distilled 
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water as required for individual experiments. 


The R factor specificity of the phage preparation was 
confirmed by spot test (see 8). on Rt and RB-— bacteria and 
its purity was established by electron microscopic observat— 


ione 


Be Spot test for lytic activity 


Double Layered agar plates were prepared using 0.1 ml 
of a log phase culture of bacteria as inoculum. When the 
soft agar had set, a drop of a high titre phage stock 
(approximately 101° PpFU/ml) was put on the surface, and 
incubation was overnight at 37°. Lytic activity was 
demonstrated by clearing of the bacterial Lawn at the site 


of the phage drope 


9. Electron microsccpic study of phage particles 


Purified phage was dialysed against 2% ammonium acetate 
to remove CsCl. The phage was mixed with an equal volume of 
1% phosphotungstic acid (pH 7). a drop of this mixture was 
added to a formvar coated grid and left for 2 min. Excess 
fluid was absorbed with filter paper and the grid was air 
dried and examined using a Philips 300 electron microscope. 
To determine the size of the phage particles, about 101! per 
ml of polystyrene latex particles (Dow, 91 nm diameter) were 
mixed with the dialysed phage preparation, and the mixture 
stained with the abcve procedure. The size of the phage 


particles was then calculated by comparison with the size of 
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the Latex particles on electron micrographs. 


Bacteriophage adsorption was studied by mixing a log 
phase culture of bacteria with purified phage in TSB ata 
moi of 10 to 50. The mixture was incubated at 37° for 5 to 
15 mine A drop of this mixture was placed on a piece of wax 
papere A formvar-—-coated grid was suspended on the draplet 
for 5 mine The grid was then washed by suspending it on 3 
droplets of 2% ammonium acetates Subsequently, one drop of 
02.5% PTA was placed on the washed grid for about 30 seconds. 
Excess fluid was removed with filter paper and the grid was 
allowed to dry in air for later electron microscopic 


observatione 


10. Buoyant density of phage particles 


A 0.5 mil volume of freshly prepared phage after differ- 
ential centrifugation to remove most bacterial contaminants 
was mixed with 4 ml of CsCi solution in 0.05 M phosphate 
buffer, pH 7 (buoyant density 1231 g/ml). This was 
centrifuged in a Beckman L2-65B ultracentrifuge, rotor SW 
56, for 48 hours at 35,000 rpm and 209. Five drop fractions 
were collected by peircing the bottoms of the centrifuge 
tube e Fach fraction was assayed for infectivity and a 
Standard volume was weighed. The fractions which 
corresponded to the peak of infectivities were collected, 
dialysed against 2% ammonium acetate, and negatively stained 


for electron microscopic observatione 
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ii. Determination of phage nucleic acid content 


Ae RNA determination 


A one mi volume of the purified phage in 1x SSC (0.15 

M NaCl + 0.015 M sodium citrate) was mixed with 3 ml of cold 
0-5 N perchloric acid and centrifuged at 7000 x g for 10 
mine The pellet obtained was resuspended in 125 mi 0.1% 
FeCl3e6Ha2 in concentrated HCl. A 0.15 ml volume of orcinol 
reagent (10% w/v in 95% ethanol) was added and the 
preparation was heated in boiling water for 30 mine The 
mixture was cooled in cold water and the absorbance was read 


at 660 nm (Beckman DE-G). 


A standard curve relating absorbance at 660 nm and RNA 
concentration was constructed by using yeast RNA (Sigma type 


XI). 


Be DNA determination 


A 025 ml volume of purified phage in 1 x SSC was mixed 
with sufficient cold perchloric acid to obtain a final 
perchloric acid concentration of 0-5 Ne After standing for 
30 min in an ice bathy the mixture was centrifuged at 7000 x 
g for 15 mine After removal of the supernatants the pellet 
was resuspended in 3-5 ml 0.5 N perchloric acid and heated 
at 90° in a water bath for 15 min to extract DNA. After 
cooling, the suspension was centrifuged at 8000 x g for 10 


mine 
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Three aliquots of the resulting supernatant were added 
to water to produce a final volume of 2 ml and then mixed 
with 0.5 ml 2 N perchloric acide Three ml of diphenylamine 
reagent (1.5 ml concentrated sulphuric acid added to a 100 
ml solution of 1.5% diphenylamine in glacial acetic acid) 
was added and the mixture was placed ina boiling water bath 
for 10 mine After cooling the absorbance was read at 700 nm 


and 595 nm (Beckman IB-G). 


A standard curve was constructed using calf thymus DNA 
(Sigma, type 1) by plotting the difference of absorbance at 


760 nm and 595 om against weight of DNA. 


2s Determination of phage protein cotent 


A 025 ml suspension of phage in i x SSC (approximately 
1013 PFU/ml ) was incubated with i mil of 1 N NaOH for one 
hour. This was diluted to 4 mi with water; and 3 different— 
sized aliquots were used to determine the protein content by 


the procedure of Lowry et ali (50). 


To 1 ml of sample was added 5 ml of freshly made copper 
reagent (prepared by mixing 50 ml of 2% sodium carbonate in 
0.1 N NaOH with 1 ml of 1% sodium tartrate, then adding 1 ml 
of 025% CuSO04-5H20)-. The mixture was allowed to sit 10 min 
at room temperature, then 0.5 ml of 1 N Folin Ciocalteau 
reagent (Fisher) was added and the mixture was allowed to 
stand a further 30 mine Absorbance was determined at 660 nm 
(Spectronic 20, Bausch and Lomb) and a standard curve was 


constructed using bovine serum albumin (Sigma, fraction V)- 
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13. Extraction of phage DNA 


Phage DNA was extracted using the method described by 
Marusyk et al (53). Pronase (Sigma, type Vi, specific 
activity 3-4 units/mg) preincubated 90 min at 37° was added 
to the purified phage suspension in 1 x SSC to a final 
concentration of 2 mg/ml .« The mixture was incubated for 2 
hours at 37° . Sedium dodecyl suifate was added to a final 
concentration of 1% and the mixture incubated at 37° over- 


night. 


DNA was extracted 5 times by adding equal volumes of 
distiiled phenol saturated with 1 x SSC. The phenol was 
removed from the preparation by diaiysis against 1 x SSC; 
and the aksorbances at 260 and 280 nm were measured (Unicam 


SP 1800). 


14. Extraction of bacterial DNA 


Reference DNA was extracted from P. aeruginosa 280 by 
the method of Marmur (52). Overnight culture from 15 NAP 
were scraped into 50 ml of 1x SSC. This was centrifuged at 
8000 x g for 10 min and the pellet resuspended in 25 ml 1 x 


SSCo 


Two ml sodium dodecyl sulfate (25%) were added to the 
cells and incubated at 60° for 10 min. The Lysed suspension 
was cooled, and perchloric acid was added to a final 


concentration of 1 M to dissociate protein from nucleic 
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acidse An equal volume of chloroform —- isoamyl alcohol (24 
> 1, v/v) was added and the mixture was shaken for 30 kbs at 
room temperature, then centrifuged to separate the Layerse 
The upper aqueous Layer containing the nucleic acid was 
carefully removed with a pipette and precipitated by adding 
2 volumes of ethanol. The nucleic acid which spooled on the 
stirring rod was transferred into 10 ml of 1 x SSC. One ml 
of 0.22% ribonuclease (Calbiochem, grade A) was added to the 
DNA solution and this was incubated at 379 for 30 mine An 
equal volume of chloroform —- isoamyl alcohol was added to 
remove protein which resisted earlier chloroform deprctein-— 
izations This was shaken for 15 min at room temperature and 
then centrifuged at 10,000 x g to separate the layers. The 
aqueous layer which contained the DNA was precipitated with 
2 volumes of ethanol and transferred into a small amount of 


1 x SSC as described abovese 


The absorbance of the DNA solution at 280 and 260 nm 
was measured to determine the protein and DNA ratio of the 


preparatione 


15. Determination of buoyant density and base ratio of 


Phage DNA 


Ae Equilibrium centrifugation method 


Phage and reference DNA in 1 x SSC was suspended in 
CsCl (bucyant density 1-71 g/ml) to a final concentration of 


approximately 5 ug/ml. This was centrifuged using a Eeckman 


£ 
y 


bE) dodoods dumace V ~ motored ds to pee en : — 
hae ata e. 


ho ale OC a6? taal ish ae asw oad xia od? aod 


mead wAt- of oregod oF pepuk Futame add 4 Pr + 


: “eae 
i - i 


ve bios ois toun odd unkai sd noo 7oMes 


acibis “ peresigh seid tno #7 2a9 58 a ariw k 


; ay ( er 


si? ao belooge doliw bios tos oua. ont : 


LAP vn o BAL ‘ 
ANT od Ms ee 
Jo on «98% x I to Sm OL etal ABE 2) 7 ae 
ent? of bebbe eow CA abetg, “ynodooia: > Did 


nA enim OC ab3 Pre tm: bet aduant mow oi 


-niofortqgeb ororerataa a h3te¢ bovelnos oun 
tes ems creams uot ta alm @r Bai aoiede s 


aiT ..«@ prener oar orerngen oF i * 000,08 


~ ay to offna band bow « sengh tamoud to ic ad +t 
bodtem soit suutiataes er are anaes oA 
: ab Hebavaeu saw ‘dea x I ai Ana sonereten bas vaent . 


eo ‘a6 88 22400009 Sans® b oF (im\y i¥ab “tieasb pawgoud ) 49e0 ” 


Ramos a antey bowut kav avs asw eid? Jo\aw 2 tiatanixonade 
“ ; va ; 


Model E Analytical Ultracentrifuge at 44,000 rpm for 25 
hours at 259. Pictures were taken with an ultraviolet light 


source and traced with a densitometer. 


Buoyant density of the phage DNA was calculated using 
the position of the reference DNA as a marker. The 


following equation was used: 
P = Po + 4.2W2(r2-ro?) x 10-1%g/mi3 


Po = buoyant density of standard DNA, which is 12726 


g/cm? for P. aeruginosa strain 280, 


W = speed of rotation in radians per second which was 


calculated by the relationship W = 2 rpm/60, 


ro = distance of standard DNA peak from centre of 
rotation, 
r = distance of phage DNA from centre of rotations 


A linear relationship exists between buoyant density 
and GC content (77) which allowed the GC content to be 


calculated as foilows: 


1.660 + 0.098(GC) 


a) 
Ul 


where P is the buoyant density and GC is the mole fraction 


of guanine + cytosine. 
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Be Thermal denaturation method 


Nucleic acid was dialysed against 0.1 x SSC {sodium ion 
concentration was 21 mM; determined by flame photometry) and 
diluted to a concentration of approximately 12.5 ug/ml (A 
260=0.25, Unicam SP 1800). In order to obtain spectral 
characteristics of DNA , this material was added to a 3 ml 
stoppered quartz cuvette having a 1 cm light path and placed 
in a Unicam SP 1800 spectrophotometer. Using an absorbance 
scale of 0 to 0.25 units, the sample was scanned at a wave 
Length of 230 to 300 nm at a speed of 1 nm/Jsec and the 
absorbance plotted using a linear recorder operating at a 
chart speed of 10 sec/cm to see if the preparation adsorb at 


a single peak at 260 nme 


The wave Length was then set at 260 nm and the 
temperature was raised at 1° per minute using a SP877 cell 
holder with an electric heating unit. The absorbance was 
recorded at a chart speed of 2 min/cme Temperature readings 
indicated on the scale of a SP876 temperature program 
controller were recorded on the chart at every degree rise 


ever the operating range of 50 to 93°. 


P. aeruginosa strain 280 chromosomal DNA was run as a 


control for melting point determinations immediately before 


Phage DNAs 


A linear relationship exists between the GC content and 


the melting temperature (71) : 
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GC = [Tan( 70.077 + 3.32Mg)][ Tm — 175.95] + 260.34 


where Tm is the temperature [°C corresponding to 50% of the 
hyperchromicity and Mg is log M[ Nat] of the buffer used 
(iee. Logarithm of molar sodium ion concentration in the 


sample). 


The buoyant density was calculated from the %GC using 


Schildkraut'!'s formula given in section A (77). 
16. Motecular weight determination of phage DNA 


Ae Electron microscopic measurement 


The monolayer technique described by Kleinschmidt (42) 
was usede DNA was extracted from a smali amount of purified 
Phage by the method described by Ralph et al (74) and also 


by an osmotic shock method (42). 


Ten ul of phage was kd os a solution containing 50 
ul of EDTA( Disodium ethylenediaminetetraacetate )—phosphate 
buffer (0.01M EDTA in 0-01M PO4, pH 7-8) and 100 ul 7.5N 
neutralized sodium perchlorates After 5S min, the mixture 
was diluted with 1 ml of the EDTA —- phosphate solutions A 
suitable volume of the DNA sample was added to 1 ml of a 
cytochrome C solution (Sigma type VI, 100 ug/ml) in 1M 
ammonium acetatee A drop of this mixture was carefully 
delivered onto a glass ramp which led to the surface of a 


trough containing 0.25 M ammonium acetate (pH 7). Under 
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these conditions the cytochrome C spreads out to form a 
monolayer on the surface of the ammonium acetate. DNA is 
Simultaneously spread over the latter surface because of the 
ionic interaction between cytochrome C amino group and 
nucleic acid phosphate groupe The fiim was mounted onto a 
Formvar grid and stained with uranyl acetate (0.05 M in 50 
mM HCl, freshly diluted 100 fold in 90% ethanol) for about 
10 min. After washing the grid in isopentene, it was 
shadowed with platinum and palladium (80 2: 20, w/w) for 


later electron microscopic observatione 


In the osmotic shock procedure, 5 ul of the purified 
phage in 1 x SSC was suspended ina 1 ml solution of 
cytochrome C (Sigma type VI, 100ug/ml ). Propanol was added 
to a final concentration of 02-005%. The mixture was gently 
floated down a'ramp into a trough containing distilled 
water. The virus is osmoticalilly shocked when it reaches 
the surface of water so that its DNA is extruded and 
adsorbed immediately to the protein fiim. This is mounted 


to formvar grids, stained and shadowed as described abovee 


Electron micrographs were taken and the negatives were 
projected onto a screene The contour Lengths of the DNA 
molecules were measured using a map measuring device. 
Magnification was calculated using a standard grating grid 


(2160 Lines/mm, Ernest Fe Fullam). 


Be Sedimentaion velocity measurement 


Sedimentation velocity measurement was made in a Spinco 


I ape Ma: OF ie roe Oe eee ee 
‘@ Wwret oF tite aerial cial Piaes'r xi Do FMS adie 


ot Ave ot ot ese vil Vidbeaias ‘cae to soak tue: wad: ao taxed 


1 a) rl 


att te anike ood gout tid nattes ons tevO beeaae cievonnat 


bas Quo si onias 3 vaordoory. olweiae avitoowral 91 


| 
& ofno bet mom aaw rec: eaT .quetg or edqaods base. ake 


O2 at WM 20.0) e%etere ies atte bendevel bas: vine 
5 > | 


tuods 0% (ate 20@ ni bior ‘001 votud bb ia 
_@ew th yanetmoeqoai ab biay odd gakdaew rt 


wok Cwlw ~OS 3 08) muibedieg bnew wunltatq ari 


emo? svv0KRdo aigoo#ot>ia 


J 


* 


i 
Mies 
5 


bed? Lang ond to. du 2 iswbesera asede ahtonue | 
a: g@ ns 5eebens im it o wi bebaedeve aaw ane nV 
Bebbe sew Sonagert Uda gu00l 4 1v save onnae) 98 
“eH taee naw ons ttie’ ont 5820060 te noltantas2a0e | 


ushiired watatatoos aguerns s ores quot > — 


aor 
neidod on ‘+t neme sinnid sien «SI S201 oua0 ei eurly odT / 


: aw» 
oe 


> “bas bebortxe ei AMG ett tadt o@ 19%" te wonneue ¢ 
betavem eh est ee Sit wietorg ett ad cleteipeams 


Soro a badiaoneb es bewobsde base boalete Vein rover Pee ¥ 


ot ow da¥i tegen aid bas ao ket e190 adqeimotole nord 288 


; AMd ott to at? anol: 4uotnda eaT -sneets%e «6 otao netastora 
seolved be lwanen qem 6 golev beowesom eto" aetuovson 
“bbos a ait-6ecee th war ah ® anlaw beteluoleo eow ‘not rao4t kapex 


‘etmatsa® 7 sions - ma\eradd Oars) 


$homewwe .om Vt Loolev nolstasealbe® A ii 


gonig? 6 ol bom eav tahoe wwesem ytioolev noitstnasmibe® =~ 


29 


model E Ultracentrifuge equipped with ultraviolet Light 


source and opticse 


A DNA solution of 1 ug/ml in 0205 M NazHPO, (pH 7) was 
placed in a small weil on the surface of the centerpiece, 
while the main centerpiece compartment was filled with 1M 
NaCl. The specimen was centrifuged at 30174 rpm ae 20°. 
During acceleration, the DNA sample entered the main 
compartment to form a band above the supporting solvent. 
The movement of the DNA band was detected by ultraviolet 
absorption and pictures were taken at 8 min intervalse The 
run was stopped when the DNA band had sedimented half the 


tube Length (approximately 40 min). 


The ecbserved sedimentation coefficient (Sob) in 
Svedberg units was calculated from the following 


relationship (88) = 
Sob = (3.500 x 1013/rpm? )(d log rm/dt) 


where rm was the distance of the peak of the band to the 


center of rotation and t was in minutese 


The ebserved sedimentation coefficient was corrected 
for solvent viscosity, temperature, and density using the 


correction factor S20,W/Sob = 1217 calculated by Studier 


(88). 


Since phage PR5 DNA was a small molecule as estimated 


by electron microscopic measurement , therefore, within 
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experimental error, the standard sedimentation coefficient 
can be assumed to be the same as the sedimentation 
coefficient at infinite dilution (S920,W). Allowing that 
assumption, the following relationship for native DNA at 
neutral pH can be applied to calculate the molecular weight 


of the DNA molecules (88 )e 


$°20,W = 0.20882 mM°.3*% 


17. Determination of strandedness of phage DNA by 


fluorescence assay 


About 10 ul of the purified phage in 1 x SSC (A 260=1) 
was added to 2 ml of fluorescing solution (20 mM potassium 
phosphate buffer pH 11.8, 022 mM EDTA, 0.5 ug/ml ethidium 
bromide ). Fluorescence was measure at room temperature 
using a Turner Spectrofluorometer 430 with excitation at 525 
nm and emission at 600 nme Flourescence of the blank 
solution without DNA and test preparations with DNA were 
determined at room temperature and after heating for 2 min 
at 98° followed by cooling to room temperature. 
Strandedness of the DNA molecules was determined by 
comparing the fluorescence before and after the heat 


denaturation procedure (see section 5 in Results). 


18. Solvent inactivation of phage infectivity 


Purified PRS phage in TSB (approximately 10° PFU/m1) 


was mixed with equal volumes of chloroform or ether in 
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‘teflon capped tubes. Tire tubes were fixed to a piatform 
Shaking at about 2 oscillations per seconde After 4 hours 
Shaking at 37°, they were centrifuged to obtain separate 
phasese The aqueous phase was assayed for surviving phagese 
A blank in which the solvent was replaced by. TSB was 


processed similarly. 


Phage morphology after solvent treatment was studied 
uSing freshly prepared phage in TSB at a concentration of 
1011 pEU/ml. The phage were treated as described above and 
were negatively stained with phosphotungstic acid for 


electron microscopic examinatione 


19. Determination of phage Lipids 


The method described by Bligh and Dyer was used (7) for 
the extraction of phage Lipids. All solvents used were 


redistilled and all glass ware was rinsed with methanol 


before usee 


Ae Lipid extraction and purification 


Purified P&5 phage was dialysed against double distilt— 
ed water and Lyophilized in a New Brunswick Scientific B65 
Freeze Dryer to a constant weight (Sartorious analytical 
balance )e The dried phage material was suspended in 3-6 ml 
of watere To facilitate extraction of Lipid from protein 
complexes, 0.4 ml of 20 mg/ml pre-incubated pronase (Sigma 
type VI, specific activity 3-4 units/mg) was added and 


further incubated for 3 hours at 379. Five mt of chloroform 
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and 10 ml of methanol were added to make a final ratio of 
chloroform =: methancl 2 water of 1 2: 2 2 0283, viJv/v)e. THe 
mixture was shaken at room temperature for 2 hours, then 
centrifuged at 5000 x g for 20 min. The pellet was 
resuspended in 4 mil water and re-extracted again using the 


same procedure. 


To the combined suspernatant which contained 8 ml 
water, 10 ml chloroform and 20 ml methanol, a further 10 ml 
volume of chlorcform and 10 ml volume of water were added to 
make a final ratio of 2 : 2 2 168, chloroform =: methanol : 
water, (v/v/v). It was then centrifuged at 2000 x g for 10 
min to separate the phasese The upper aqueous phase was 
decanted and the Lower phase was carefully collected with a 
pasteur pipette. The remaining protein interface was washed 
once with methanol, centrifuged, and the supernatant 


combined with the Lipid-containing lower phasee 


The combined Lipid extract was further purified by 
passing it through a 1 inch x 15 inch Unisil column ( 200 
mesh, Clarkson Chemical Company) plugged at the bottom with 
glasswool. Lipid was eluted with 150 ml of methanol. The 
purified lipid extract was evaporated to dryness in a rotary 
evaporator { Buchler Instruments) at 50° under reduced 
pressuree The dried material was weighed using a Sartorius 
analytical balance and redissolved in 5 ml of chloroform and 


stored at —20° under nitrogen. 


Lipids from Ee coli Ki2 SA 1306 R- bacteria and from 


the same strain carrying the R factor RP4 were extracted 
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with the same procedures except that no pronase treatment 


was employed for the washed bacteria before extractions 


Be Thin Layer chromatography of phospholipids 


Chromatography plates 20 x 20 cm, precoated with 
Adsorbosil-5 to a thickness of 250 microns were obtained 
from Applied Science Laboratory, Inglewood, Calif. The 
plates were prewashed with chloroform—methanol—-water, 65 3: 
25 : 4 (v/v/v) and reactivated in a 150° oven for one hour 
and cooled in a vacuum chamber. Using a micropipet, about 5 
ul of the Lipid extract in chloroform was applied 2 cm from 
the lower edge of the plate. The plate was placed 
vertically ina developing chamber with 180 ml of hexane— 
acetone (3 2: 1, v/v)e The solvent was allowed to run to the 
top of the plate. it was then dried in a vacuum chamber and 
placed in 180 mil of the second developing solvent, 
chloroform—methanol—water, 65 = 25 : 4 (v/v/v). The run was 
stopped when the solvent front was 1 cm below the solvent 
front of the first Gata ui taal! watawnt< A phosphotidyl-— 
ethanolamine standard , kindly provided by Dre Pe Ge Bartony 
Department of Biochemistry, was run with the phage and 


bacterial Lipids. 


Spots representing separated Lipids on the 
chromatograms were visualized by putting the plates into a 
glass chamber saturated with iodine vapor or by spraying 


with 50% sulphuric acid followed by heating in a 180° oven. 


For quantitative studies, the Lipid extract was applied 
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to the chromatography plates as a series of small spots. 
Separate bands obtained after development were scraped of f 
from the plates and eluted with 3 ml of methanol. A blank 
strip was also scraped from an area of the plate which 
contained no spots. The extraction was repeated two timese 
The combined extract was evaporated to dryness with a rotary 


evaporator at 56° under reduced pressuree 


Ce Determination of Lipid phosphorus 


Phosphorus determination was done using Martin and 


Doty’s method modified by Kilroe—-Smith (41). 


The dried Lipid materials eluted from individual spots 
on thin Layer chromatcgrams were dissolved in 0.4 mi 60% 
perchloric acid. This was heated ina Bunsen burner flame 
until the leis turned colorless againe Water was added 
to a final volume of 3.6 mis then 0.5 ml 10% ammonium 
molybdate solution and 5 ml benzene—butanol (1 2 1, v/v). 


The mixture was shaken for 15-.seconds with a vortex mixer 


and centrifuged to obtain separate Layers. 


Three and one-half mil were transferred from the upper 
layer into a spectrophotometer tube and 1.5 ml of 322% H2S0,4 
in absolute ethanol and 0.5 ml stannous chloride reagent 
were added (10% SnCl2.-2H20 in concentrated HCl freshly 
diluted 200 times with 0.5 M H2S04)- Color intensity was 
determined at 740 nm using a Spectronic 20 (Bausch and Lomb) 


Spectrophotometer. 
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A standard curve relating phosphate concentration to 
absorbance at 740 nm was prepared using anhydrous Na2HPO, 


which had been dried overnight at 110°. 


20. One step growth experiments 


A 023 ml volume of a Log phase culture of host bacteria 
was infected with 0.1 ml of the phage at a moi of 10. The 
mixture was shaken gently ina water bath at 37°. After 5 
min, O01 mi of anti-PR5 serum was added and this was further 
incubated for 5 mine The mixture was centrifuged at 8000 x 
f for 10 min and the pellet was resuspended in 10 ml NB. 
This was diluted 100 fold with prewarmed NB and further 
incubated in the shaking water bathe Aliquots of O.1 ml 


were taken at 1-2 min intervals to assay for infectivity. 


21. R factor specificity of phage PRS5 


Three strains of bacteriay Ee coli Ki2 SA 1306, E.- coli 
K1i2 JA 53, and Ps aeruginosa 280 harboring various R factor 
which covered seven incompatibility groups were used to test 
the R factor specificity of the phage. Bacterial host 
strains were confirmed to retain individual R factor (Rt) by 
using disc antibiotic sensitivity testing. Susceptibility 
to infection with PR5 phage was initially examined by a spot 
test for lytic activity. Bacteria that gave negative spot 
test resuits were tested for phage propagation in a broth 
culture of that test organism. A log phase culture of the 


R+ strain (10% cells/ml) was infected with phage at a moi of 
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0.00012 The mixture was incubated at 379 in a shaking water 
bath for 6 hours, centrifuged, and the titre of the 
supernatant compared to the isogenic R- bacteria treated 


identically. 


22. Bacterial host specificity 


Diftierent bacteria were infected with the R factor RP4 
and spot tested with phage PR5 for lLytic activitye 
Efficiency of plating (eop) was determined on bacteria that 
Bave a positive spot test. Purified phage stock was diluted 
with NB to 102 - 103 PFU/ml and 1 ml was added to a tube of 
seft agar inoculated with 1 ml of a log phase bacterial 
culture of 10° cells per ml (1/10 dilution of a culture of A 
600 = O25, Spectronic 20, Bausch and Lomb)e The mixture was 
poured on NAP, ‘incubated overnight at 37°, and the plaque 
count determinede The eop was calculated by determining the 
ratio of plaque counts obtained with various bacterial hosts 
to that obtained with P. aeruginosa Pu21 RP4, which gave the 


highest plaque count of all strains of bacteria testede 


Bacteria that were negative on spot test were assayed 
for phage propagation in brothe The precedure was the same 
as described in section 10B. An assay for phage adsorption 
was also done in which the incubation time was shortened to 
20 mine The final titres were compared to the isogenic R- 


strains treated identically. 


236 Infectivity of PR5 using cell wall mutants as hosts. 
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Salmonella minnesota cell wall mutants were infected 


with RP4 by the filter mating technique described in section 
SB. R+ bacteria obtained from this mating were spot tested 
for lytic activity of the phagee Ali strains tested 
including the smooth strain failed to form plaques on spot 
testinge As a result, propagation and adsorption of the 
phage in broth was carried out using 108% bacteria per ml and 


an moi of 0.001 phage per bacterium. 


Tne minimal inhibitory concentration of carbenicillin 
was determined with S. minnesota strains haboring RP4. The 
procedure was performed by inoculating 10’ bacteria into 2.6 
mil TSB containing serial dilutions of carbenicillin (20-80 
mg/ml). After 18 hours of incubation at 37°, the end point 


was determined visually. 


24. Serological study of PR3, PR4 and PR5 phages 


Anti-P&5 serum was prepared in rabbits by an initial 
subcutaneous injection of 1022 PFU/ml with Freund's adjuvant 
followed by intravenous injections of 10127 to 1017 phage 
weekly for 2 to 3 months until the antibody titre did not 
rise aiter repeated injections of phagee The titre was 


estimated from the K values of test sera {see below). 


The rate of inactivation (K) of the phage by an 
antiserum was determined by adding 0.1 ml of 10° PFU/ml 
phage to 0.9 ml of a 1/10 or 1/50 dilution of antiserum in a 


shaking water bath at 37°. Samples of 0.1 mi were taken out 
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at 2 min intervals and diluted 1/100 in broth to assay for 


surviving phages 


The rate of inactivation (K) was defined by the Linear 


relationship (1): 
K = 2.3D/t Log Po/Pt 
where D is dilution of antiserum; t is min of incubation; Po 


is initial concentration of phage and Pt is concentration of 


surviving phage at time te. 


At different time ti and +2, 


Kti = 2.3D log Po/Pt1 


Kt2 = 2.3D log Po/Pt2 


K( ti-t2) 


2e3D (log Po/Pti — log Po/Pt2) 


= 2-33 log Pt2/Pti 


therefore, K = 2-3D (log Pt2 — log Pti)/(t1 —- t2) 


Therefore, if Pt is plotted against t, the rate of 


inactivation can be obtained by the formula 


K = 2.3D x slope of the graph 
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Anti-PR3 and anti-—-PR4 sera were kindly provided by 
Dre De» Ee Bradley, Memorial University. The K values of 
each antiserum against phages PR3, PR4 and PRS were 


determineds 


The K! values are of the ratio of the K value obtained 
with heterologous phages to that obtained with homologous 


phage. 
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RESULTS 


1. Phage morphology 


Electron microscopic examination of negatively stained 
preparations showed that phage particles had an icosahedral 
structure (Plate 1), with a diameter of 65-68 nme Calibrat— 
ion of particle size was done by comparing Dow polystyrene 
Latex particles of a Known diameter (91 nm) with phage 
particles (plate 2). When empty of nucleic acid, a double- 
walled structure could often be seen (plate 3)-e Some 
particles appeared to have a tail (plate 4), but the fre- 
quency of these tailed phages varied considerably from one 
preparation to anothere However, they did not appear to 
comprise more than 25% of the total phage in any preparation 
examinede Possibie explanations of the last observation are 


B@iven in the Discussione 


2e Receptor site 


Electron micrographs of phage adsorbed to bacterial 
hosts showed that although adsorption occurred over the 
whole of the bacterial surface, the distribution was not 
uniforme Many more phage particles attached at the hacter— 
ial poles than elsewhere on the bacterial surface (plate 5). 
Phage were never observed to attach to pili. As strains of 
Pe aeruginosa bear common pili, a specific sex pilus might 
be difficult to observe even with phage attached. As a 


result of this observation, strain PAO1 and the non-piliated 
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PLATE 1: Appearance of PR5 particties showing hexagonal 
outlines which strongly suggest an icosahedral 
structuree The particles shown here are tailess 


and appear to have fuil nucleic acid contents x 


190,000. 
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PLATE 2: PR5 phages with latex particles. The latex 
particles have a known diameter of 91 nme The 
diameter of PR5 was calculated to be 65-68 nme 


Arrow indicates a Latex particlee X 138,000. 
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PLATE 3: A PR5 particle showing double-walled structure. 
The phage is apparently empty of its nucleic acid 
contents. As a result, stain penetrates into the 


particle giving a darkly stained core. x 


230,000. 
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PLATE 4: 


PR5 particles with and without tails. The tails 
appear to be of regular Length approximately 
equal to the Length of diameter of the phage 
particles. The 2 phages at the bottom right 


corner appear to be disintegrating. X 131,000. 
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PLATE 52 PR5 adsorbed to a cell of the non-piliated strain 
of P. aeruginosa PAOI/PP7. The phages adsorb all 
ever the surface of the bacteria but tend to 


aggregate at the pole. X 38,000. 
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mutant of that strain, PAO1/PP7 containing RP4 were examined 
for phage adsorption to pili. In both cases, such 


examination was repeatedly negative. 


Phage were observed to be attached to bacteria in some 
instances by tails but in most instances apparently by the 
phage heade In the tatter cases tails appeared to be absent 


from the attached phage (plates 6 and 7). 


Je Buoyant density of phage particles 


The result of a CsCl equiiibrium centrifugation sof a 


phage preparation is shown in figure 1. 


Two peaks of infectivity were obtained which corres— 
ponded to buoyant densities of 1.226 and 1.31 g/ml resrect— 
ivelye Electron microscopic observation of aliquots of 
individual samples from these peaks showed that while both 
peaks contained phage with similar morphology, samples from 
the peak formed at higher buoyant density were heavily 
contaminated with bacterial debrise The samples from the 
other peak contained only phage when examined by electron 
microscopee Fractions from both peaks were spot tested onto 
lawns of R+ and R- bacteria and were found to contain R 


specific phage. 


In trial procedures the buoyant density of the 
apparently pure phage particle was therefore determined to 
be 1.26 g/ml. This information was used to construct CsCl 


step gradients so that the two bands were distinctly 
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PLATE 6: Phage PR5 adsorbed to a cell of the non-piliated 
strain of P. aeruginosa PAOQ1/PP7.2 Arrow shows a 


phage adsorbed by a tail. xX 100,000. 
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PLATE 7: 


Phage PR5 of the same strain of bacteriae 
tails can be observed with adsorbed phage 


particlese xX 92,000. 
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Figure 1: 


Buoyant Density in g/ml 
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Equilibrium CsCl centrifugation of cell Lysate 
partially purified by diffenential 
centrifugation. Fraction 1 (not included in the 
figure) corresponds to the bottom of the 
centrifuge tubee 
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separated by a band of intermediate buoyant density in later 


purification procedurese 


4. Phage nucleic acid and protein contents 


Phage preparation in 1 x SSC waatenamined by the 
diphenylamine and orcinol procedures to determine the nature 
of the nucleic acid present. The results given in table V 
showed that the diphenylamine reaction was positive and the 


orcinol test negativee Thus the nucleic acid was DNA. 


The ratio of the weight of DNA to that of protein in 
phage particles was determined by a comparison of the 
content of DNA and protein of aliquots of the same sample of 
phagee From the results shown in table V, this ratio was 


found to be 19 parts DNA to 81 parts protein. 


5- Characteristics of phage DNA 


The absorption of phage DNA and reference DNA from Poa 
aeruginosa strain 280 at 260 and 280 nm was determined using 
a Unicam SP 1800 Spectrophotometer. The ratio of the 280 ; 
260 absorption was tess than 0.5. A single symmetrical 
absorption peak at 260 nm was formed by phage DNA when 
scanned for absorption between 230 and 300 nm (figure 3a). 
These results were consistant with highly purified DNA free 


of protein contaminationse 


The UsV. absorption profile of CsCl density gradient 


equilibrium centrifugation of both phage DNA and Pe 
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TABLE V 


BIOCHEMICAL DETERMINATION CF NUCLEIC ACID 
AND PROTEIN CONTENT 


% by weight Average 
ee 1 ae A hues ated Ge 6 Bie. 
DNA@ 18.8 139.2 18.6 18.9 
RNA 0 ) ) 


ee ee ee SS SS SS 


1 Protein content was determined using the method of Lowry 
2 DNA content was determined by diphenylamine test 
3 RNA content was determined by orcinol test 
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Figure 3: 
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Ae Ultraviolet absorption profile of PR5 DNA at 


wavelengths 230-300 nm 
be melting curve at 260 nme 
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aeruginosa strain 280 DNA is shown in figure 2. The buoyant 


density of the phage DNA was determined to be 1.708 g/ml. 


Cn heating under controlled conditions (see methods), 
the phage DNA molecules denatured producing the UeVe 
absorption profile shown in figure abs The temperature at 
which the half-maximal increase in UsV. absorption (Tm) 
occurred was 75.49. The hyperchromicity of the heated DNA 
solution shown in figure 3 indicates the DNA was double— 
stranded and had undergone denaturation (86). Using the 
relationship given in section 15 in methods, the Gt+C hbase 
ratio of the DNA was determined to be 48.9%. The buoyant 
density obtained using these data was 1.708 g/ml which 
agreed exactly with that obtained by CsCl density gradient 


equilibrium centrifugation. 


. 


Electron microscopic examination of shadowed DNA 
revealed linear molecules of uniform size (plate 8). 
Photographic negatives of electron micrographs were 
projected at a standard magnification and 32 molecules were 
measured using a map measuring devisee The individual 
contour Lengths cf the molecules was determined to be 3.59 + 
0.3 ume Based on a value of 2.07 x 10° daltons/um for 
double wiveaied DNA (45), the molecular weight was 


calculated to be 724 + 0.6 x 10% daltons. 


Measurement of the sedimentation velocity of phage DNA 
molecules gave an observed sedimentaion coefficient of 18.8 
which became 22.02 after correction for solvent viscosity, 


temperature and densitye The molecular weight calculated 


: 
ba ; i { ee a 
NY a _ et) a 
{ t 


= Pan ie 
pneyoud eAT.«f wail ai wets el as onal 
into BOT at eet’ at antmast en aie wi oat ode to ts 


. ) ) i : i ; wer os De Mae _ 
(abodtem 992) enol? ihnog bettors avo 1 baie uottead an i 


«Vol outs ao Louie barre ned astwootom Awa i 
ca 


te orutasequad edt .dt ong i? on wots Sint wok 
(nT) ackranveds +VeU ni ow sot bak Pragsrgtagey | 
Sekial betacn ed? to ahead ia etT «%.et a0 
-eiduob- «ne AKO oat eodooibal e omuyny ak awode 
ott dokel +408) no Lt autaneb onowrbny bad aie 
ened OD ot rebodt om, a 2i weitoew al asevke + sie 
* Aiieeeed seal “HO eBE od oF boniarst ob eow AKG oft te. 
do bite fa\s 80T | pew stab waodt golew neckendio <i 
ee ‘ceannedy fond’ ‘oa bentst do tage avi ‘itoane 


f . 1 : au : ) 


J 


1 


A40 bawobede 2o a9 1tenlmaxe sini omtenia” 
4 1 (® steJq) este atta to airtsla ea tatad aeomks 
e198". edtqargoto ha qertosss Yo. avrtengen 


e10~ eetucodom ct bas aot soltloxem breboote * te soroetena 


ul 


os Loupivibak ont | sdutveb boiwesom aa eo anlev bowesem 


a ea. & ed ‘of ‘Senkavedes ‘eae aocbeenbilot ad to edtyaos wotnes 


é 


(~ 0 ee a aor *«  po.g to ouleyv ao boend ow 6-0 
ese tiglow staiuoesom ods CER) Aud, bepassts eidvob . 
“yeaos Tab el va 6.9 t nd ilk od = petesuosas 


r. awa higieaie to «Pivesey. nett araenibos oi? to raomewanck a 
ii Byat to tuekoitteoo nolstnominos bevisade a. orae eolucsion 


PO Aso ames tnevJo# 0% ao tt ae0200 bab £0+SS omeoed dokdw 


ih Susan Sdn how ‘id dadidliee wae wails Sikes Pr ea 


Figure 2: Equilibrium CsCl centrifugation of DNA from 


phage PRS and Pe aeruginosa 280. The numbers 
are in g/mle 
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PLATE 8: Electron micrograph showing 2 linear molecules of 
phage PR5 DNAe The DNA has been released from 
the phage by osmotic shock and shadowed with 


palladium—platinume X 43,000. 
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from Studier's relationship (88) was 8.4 x 10% daitons. 

This value should be considered approximate for it was 
calculated using the assumption that the corrected 
sedimentation coefficient S20,W was equal to the sedimentat— 
ion coefficient at infinite dilution S°20,¥W. In addition, 
the correction factor used to convert Sob to S20,W was an 
approximate value (18). However, since the assumption used 
to convert S20,W to S°20,W seems valid (88), and because of 
the reasonable agreement with electron microscopically 
determinated estimation of molecular weight, and Lack of 


facilities, no further determination was carried oute 


Ethidium bromide fluorescence assay of phage DNA gave 
an initial fluorescence of 45 unitse After heat denatur— 
ation at pH 11.28, the fluorescence was completely lost. 
This result tidieaten separation of the two strands of the 
DNA molecules since ethidium bromide only intercalates into 
duplex molecules and fluoresces. In the case of closed 
circular DNA molecules, hea ting in alkaline pH will not 
destroy the duplex structure of the molecules and hence the 
fluorescence is retained. The ines of fluorescence from the 
phage DNA therefore indicates absence of closed circular 
moleculese This result is in agreement with electron 


microscopic observation that the phage DNA molecules are 


Linear. 


66 Solvent inactivation of phage infectivity 


Four hours of shaking a phage suspension with an equal 
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volume of ether at 37° produced 52% inactivation of phage 
infectivity compared to a phage suspension incubated with 
TSB. Incubation with chloroform produced 100% inactivation 


under the same conditionss 


Electron microscopic Se etdhtine: ot phage particles 
aiter either of the above solvent treatments revealed that 
the phage fell roughly into 4 morphological categories as 
shown in tabie VI and plates 92 Chloroform produced 
Significantly more disruption of the entire phage wall than 
ether. Seme disruption did occur in the TSB control, 
probably due to effect of shaking. The number of phage 
classified into the category of broken particles might have 
been underestimated because some phage particles which were 
badly broken may have been unidentified and therefore 


. 


excluded from quantitatione 


Te Phage Lipids 


The observation that phage PR5 was inactivated by 
organic solvents suggested the presence of Lipid components. 
Therefore an attempt was made to quantitate and identify the 


Lipids involved. 


The phage was found to contain 17-25% by weight of Lipid 
materials extractable by chloroform — methanol treatment. 


This was an estimation based on a single trial. 


A thin Layer chromatogram of Lipids extracted from 


phage PR5 and uninfected R+ and R- host Ee coli cells is 
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PLATE 9a: 


PLATE 9b: 


PR5 particles after chloroform treatment. 

a shows a phage particle with empty head and 
intact wali and 

b shows phages with entire wall broken. 


X 138,000. 


PR5 particles showing damaged inner wall after 


chloroform treatments xX 215,000. 


9b 
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TABLE VI 
MCBRPHOLOGY OF PHAGE AFTER SOLVENT TREATMENT 


A B Cc D Total phage 
counted 
TSB Control 50.6% 43-88 2688 2688s 
Chloroform 229% 18.1% 22.3% 56.7% 238 
Ether 39-07% 372.1% 9.5% 13.7% 139 


i a ee a ee ee ee 


A —- Phage with full head and intact wall 
B —- Phage with empty head and intact wall 
C — Phage with damaged inner wail 

D —- Broken phage particles 
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shown in plate 10. The phospholipid content of Es coli K12 
and other strains has been widely studied and shown to | 
contain 3 major components : phosphotidylethanolamine (PE), 
phosphotidylglycerot (PG) and cardiolipin (CL) (2,38,39). 

In this chromatogram, the identity of PE was confirmed using 
a PE standarde The position of PG and CL were determined by 
comparing the RF values of the respective unknown spots to 
the RF values of PG and CL from the ee extracts of R- and 
R+ Ee coli Ki2. The latter extracts were chromatographed on 
the same chromatogram as the phage extracte The 
chromatographic positions of PG and CL in bacterial extracts 
were determined from Literature reports of chromatography of 
E- coli K12 extracts using the same chromatography system 
(2,72). The results showed that phage PR5 has the same 
phospholipids as host Ee coli » With the R- host, 2 
additional spots were detected near the solvent fronte As 
these contained no detectable phosphorus, they were probably 


products from degradation of the phospholipids presente 


Phosphorus analysis revealed that lipid content of the 
Phage differed quantitatively from host Es colie Tabie VII 
gives the results of the average of 2 determinations of 
Phosphorus from individual chromatography spotse The 
phospholipids content of Ee. coli has been reported to be 
altered by growth conditions (18,82). This could account 
for the slight difference between the R+ and R- strains 
which had been grown under similar but not identical 
conditionses However, the content of each phospholipid in 


Ee coli K12 celis is well within the range of values 
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PLATE 10: Thin-layer chromatogram showing separated 


Phospholipids of Ee coli Ki2 SA 1306 R-, phage 


PR5, Ee coli K1i2 SA 1306 RP4 hosts, and a phos-— 


phatidylethanolamine standard (from left to 
right)e First developing solvent was hexane- 
acetene 3:1 and second developing solvent was 
chloroform—methanol—water 65:25:4. The spots 
representing separated phospholipids on the 
chromatogram was visualized by spraying with 50% 
sulphuric acid followed by heating in a 180° oven 


for 15 mine 
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TABLE Vii 


PHOSPHOLIPID CONTENT OF PRS AND ITS HOST 


% phosphorus by weight! 


ee a ee ee ae eS ee ee SS 


eee eee ee ee eS 


Phospho Li pid? PRS Es coli Ki2 EE. coli K12 
SA 1306 RP4 SA 1306 R- 


— ee eee ee ee eS ee ee re ee ae ee ee 


Cardiolipin 17 9.7 78 


Phosphatidylethanolamine 41.3 7307 78.9 
Phosphatidylglycerol 41.7 16.6 13.3 


a ee ee ee 


1 Individual phospholipids were separated by thin Layer 


chromatography, eluted, and assayed for phosphorus 
content using a standard solution containing known 
amount of phosphoruSse 


2 One mole of cardiolipin contains 2 moles of phosphorus 
while one mole of phosphatidylethanolamine and phospha-— 
tidylelycerol each contains 1 mote of phosphorus. 
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reported (2,38,39). The phage was shown to have signifi-—- 
cantly lower PE and higher PG and CL content than the host 


Es coli . This suggests that the phage does not acquire its 


lipids ready-made from the host, but probably causes altered 


host bacterial ghospholipid synthesis or membrane structure. 


Se One step growth experiments 


The one step growth curves of the phage in Ee. coli SA 
1306 RP4 and Pe. aeruginosa Pu21 RP4 are shown in figures 4 
and 5e- The results show that with the same moi and under 
identical growth conditions, the phage had a latent period 
of about 48 min and rise period of about 30 min in both 
hostse The average burst size with E. coli host was 
¢alculated to be 106 which was considerably smaller than 


that obtained with the P. aeruginosa host which was 280. 


9. R factor specificity 


The resuits of spot test for phage Lytic activity (see 
methods) on bacterial hosts carrying various R factors are 


shown in table VIII. 


The phage obviously lysed bacteria haboring the Pi 
group (RP1 and RP4) and the W group of R factors (Sa), and 
less clearly lysed the N group of R factors (R113). The 
results of broth incubation corresponded to the Lytic 
activities shown in the spot testse Using an initial titre 
of 165 x 10% PFU/ml and a 6 hour incubation period, the 


final titre showed a 10* fold increase with RP4, a 107 fold 
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Figure 4: 


PFU/ml 


One-step growth curve of PRS in Ee 
1306 RP4. 
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Figure 5: One—-step growth curve of PRS in Pe aeruginosa 
Pu2l1 RP4. : 
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TABLE VIII 


LYTIC ACTIVITY OF PR5 GN STRAINS CARRYING R-FACTORS 


Bacterial strain R-factor Incompatibility lLytic 
Group Activity 
SM kia, no 
aa R112 i 7 
ae R113 N (+) 
as RP1 Pi + 
4 RPS Pl = 
a4 RP4 Pl + 
Ee coli Ki2 JA53 none = 
93 RP4 Pi + 
a3 R57b Cc a 
a4 R1i F = 
i] Sa WwW + 
Ps aeruginosa 280 none o 
a2 RP4 Pi + 
an R931 P2 5 
i + = complete Lysis 


= no lysis 
(+)= partial lysis 
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increase with RP1 and Sa, and a 2 foid increase with R113. 
There was no significant difference in initial and final 
phage titres with the rest of the R factor tested when 
compared to titre obtained with the R- strain and the blank 
(containing no bacteria), indicating that neither 


propagation nor adsorption had occurred. 


10. Bacterial host specificity 


The R factor RP4 is known to be transferable among 
bacteria of several genera (20). k& factor RP4 was 
transferred to several bacterial species to examine the 
effect on PR5 propagation. The results are summarized in 


table IX and Xe 


It can be, seen that the phage PR5 was able to lyse a 
wide range of bacteria carrying the R factor with different 
efficiency and formed plaques of different morphology. 
Although plaque morphology is influenced by a number cf 
factors, the plaques formed by an R factor dependent phage 
are expected to be influenced particularly by the degree of 
expression of the plasmid in different host bacteria. ts a 
the R factor is repressed ina portion of a bacterial 
population, intoe bacteria wiil Lack the phage receptor site 
and become resistant to the phage, making the plaque turbid 


by their growth among susceptible bacteriae 


Lysogeny is another possible cause for turbid plaque 
formations However, no lLysogenic R factor phage has been 


reported, therefore examination for Lysogeny was not carried 
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TABLE Ix 


LYTIC ACTIVITY AND EFFICIENCY OF PLATING OF PRS 


ON BACTERIA CARRYING THE R-FACTOR RP4 


Bacteria Lytic Eop Plague 
Activity - Morphology 

Ee coli Ki2 SA1306 ae 0e«57 Tiny,clear 

Se sonnei + 0205 Smail,clear 

Se typhimurium + 0.65 Smail,cloudy, 

irregular edge 

Se thompson = i 0203 Large, cloudy 

Serratia + 0.70 Smali,clear 

Pe aeruginosa Pu21 + 1 Very large,ctlear 

P. aeruginosa PAOIL1 + 0.77 Very targe,cloudy 

Pe. aeruginosa 2380 + 0285 Smali,clear 


Pe stutzeri _ 
Ke pneumoniae = 
Pe mirabilis — 


Aeromonas aaa 
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TABLE X 


BRCTH INCUBATION OF BACTERIA PRODUCING NO LYTIC 
ACTIVITY WiTH PRS 


Bacteria % decrease in titre Change in titre 
with R+ host after with R+ host 
20 min incubation after overnight 


incubation 


em ee ee ee ee Se Se 


Ke pneumoniae 1 No change 


Aeromonas 32 66% decrease 

Pe stutzeri 88 16 fold increase 
Pe. mirabilis 1 399.9% decrease 
Pe aeruginosa 43 2x10* fold 

PAO1?} increase 
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oute 


It can be seen that the phage infected P. aeruginosa 
strains mest efficiently. With the 4 bacteria which 
exhibited no plaque formation, broth incubation was used to 
Sive additional Vawensee ee on their site teas with the 
phage. These results are shown in table X. Pseudomonas 
stutzeri showed a smail increase of titre after overnight 
incubation suggesting that it could propagate the phage 
somewhat inefficiently. After 20 min incubation at 37°, the 
phage and host bacteria in the preparation were centrifuged 
to pellet bacteria and absorbed phage. The supernatant was 
assayed for remaining phage activity and demonstrated an 88% 
drop in titre indicating that the majority of the phage had 
adsorbed to the bacterial celise This shows that either the 
phage had a geet X burst size in this host or there was some 


restriction mechanism in the majority of the cells which 


prevented the phage from multiplying after adsorption. 


Examination of Aeromonas and Proteus mirabilis in the 
same type of incubation experiment demonstrated a drop in 
titre of free phage both at 20 min and after overnight 
incubatione These results indicated phage adsorption but an 


apparent failure to propagate. 


With Klebsiella pneumoniae , however, no change in 


phage titre was detected after 20 min and overnight 
incubatione It is probably that the thick slime coat of the 


bacteria prevented phage from reaching their receptor sites. 
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In all of the adsorption experiments, the change ins 
phage titre was determined as the difference between that 
using R+ bacteria and R- isogenic bacteria.e Therefore the 
possibility that this change in titre might have been a non- 


specific effect of the bacterial ceil wall was excluded. 


ii. Infectivity with cell wall mutants 


Since electron microscopic observation of the phage PR5 
adsorbed to bacterial hosts demonstrated that receptor sites 
were Located on the cell wail, Se minnesota mutants 
defective in various aspects of cell wall structures were 


employed to study the nature of the adsorption sites. 


Results after overnight incubation of PR5 and several 
such mutants showed that the cell wall mutants did appear to 
exhibit a different degree of phage inactivation and thus 
phage adsorption (table XI)- These results show that the 
smooth strain and the Ra mutants produced more than §9% 
inactivation while the rougher Rc mutant produced only 60%. 
No signigicant inactivation was observed when the strain was 
as rough as in mutant Rde None of the mutants nor the 
parent propagated the phagee A strain of Se typhimurium 
(LT2, ere containing RP4 was infected with PRS to act as 
a positive control and produced a 105 fold increase in the 
final phage titree The failure of S- minnesota strains to 
propagate PR5 after adsorption is presumed to be for the 


same reasons discussed previously (see section 10). 


R factor RP4 confers resistance to carbenicillin in 


f i = 
, ; ae 


ob eganiae +43 veranmi aaa not s6708be oar to ie al. 


tnd? teow soqw1e trip ott we nee ee tot: gow ware 

; ale aoe up 5 age 
ot? gtotetvedT »niastond okagaont =a bane, aitudie a 
ae 

a even s1agke Sele ni egtato alas ted Sid. a’ 
tes ; 

hetbsoks wew Jioaw shaw: Saiastood sit to. tomate, < x 


ney a 


A) 

aa 
iT 
ae 


i 


nOry ee an at iw “ivi | 
: pag vQgotig ont to naeitevasede stqonanenan nortasse 4 
otis 10tge20" ted? beter tenon ntaww: Seiawt ond of | 

e?netum stoaeoake “a seated —_ wae, ao 
oem ntnisidninel Siew ifvs to eons onninan-a' 


_ 


meh 


a0 -eotie sok sqroabe ade to owen ee 


Sathven Dae aaa re aoltedvont raasmove verte 
of novqas bib) aometee Siue Bane ead ngs neonde 


.- 


= © wa? 
sod? bas aod ravitowot anode te sovwen Paes enh tm a 


ott tate. wods etiueet eusdT «40% vides) mol taromba % =a 
PCY ned? stom beouborg etastum of oa bas cane atoms | 

R00 Bbiato peounong ttatua of segues ots os idw aottavitonad — 
aow cleere ott conv bevewade saw sobtevitonnt tnootpiagia of 
249 ton n?natom oa to onow ba tastum ak es dquo a6 

elk aun hace »B to nieate A- segotqg off bot spaqgowg tas78q 
a° toa of saat Ad iw be? seta gow PUA gnintetnos (ftoome ST1) © 
ad? ni saeor9n) plot FO! « beauborg bas Joutago evitineg s 
oF jeisrte siopenais +B te enw! ket oat ef? sovtit ouona Sooit 
_ ott tet ‘ado? bonus ona at. ‘aot quosba norte eaq etageqor 


< «(OL seltose eon) vievolverg . Seeenee saaepes mee 


yr 


oh we kh © ©. Ga ie oe De eae oe lg ks 2 ae SS oe |S eee 


72 


TABLE XI 


CHARACTERISTICS OF Se MINNESOTA CELL WALL MUTANTS 
AND THEIR INFECTIVITY WITH PR5 


Strain Chemot ype Sugar Composition Enzyme % decrease 
Design- of Polysaccharide Defect of Phage? 
ation! in 
SA 1639 Smooth O-specific side 99.8 
Chain,KDOG,Hep, 
Gic,Gal 
SA 1640 Ra KDO,Hep,Glc,Galt O-spec— 99.6 
Glen ific 
Chain 
SA 1642 Re KDO,Hep,Glc Gal Epi 60 
SA 1644 Rail KDOC;,Hep Gici tran 0 
or UDP 


Gic synth 


a a a a 


Abbreviations :— 
KDO = 2—keto-S3deoxysoctonic acid 


Hep = heptoses 

Gle = glucose 

Gal = galactose 

Glen = glucosamine 

Gal Epi = UDP-galactose epimerase 
Glel tran = glucosyl{i) transferase 


UDP—Glc synth = uridine diphosphate galactose synthetase 


1 All bacteria tested including mutant and smooth strain 
did not form plague on spot testing with PR5 


2 Decrease in phage titre was determined by comparing the 
final titre of PRS incubated overnight with strain carry 
ing RP4 to the final titre of the phage incubated with 
the isogenic strain 
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these strains of S. minnesotas The effect of the change in 
cell wall polysaccharide associated with the various rough 
mutants on this carbenicillin resistance was examined by 
determining the MIC of carbenicillin for each of the Rt 
mutants (table XII). The roughest mutant Rd did show Lower 
carbenicillin resistance than any other mutante Possibly 
severe deficiencies of the cuter membrane of Se minnesota 
enables the drug to reach its target site in the peptido- 
‘gtiycan layer more readilye However, no reasonable 
explanation has been found to explain the observation that 
the smooth strain with complete polysaccharide structure had 


the same MIC as Rc strains 


12. Serological relationship of phages PR3, PR4 and PR5 


In spite of the use cf a commonly employed immunization 
program, a low titre snticens to the phage was obtained in 
rabbitse The most Likely explanation of this result is that 
the phage is a poor antigene The relatively high lipid 
content of the phage is in keeping with this conclusione in 
addition, other individuals rye the similar phages have 


also obtained low titre antiserae 


Figure 6 shows the rate of inactivation of anti—PRS 
serum against PK3, PR4 and PRS phagee It is clear that it 
inactivated the three phages at different rates, the highest 
K value was obtained with the homologous phage PRS. The 
results obtained using anti-PR3 serum also showed different 


K values with the three phages with the highest K again 
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TABLE XIi 


MIC OF CARBENICILLIN FOR SALMONELLA MINNESOTA 
CELL WALL MUTANTS 


Strain Chemotype MIC (mg/ml Carbenicillin) 
1839 RP4 Smooth 60 

1640 RP4 Ra 80 

1642 RP4 Re 60 

1644 RP4 Radi 490 

Se typhimrium LT2 R- strain was included as a control 


and was found to have an MIC of 4-8 ug/ml 
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Figure 6: Rate of inactivation of anti—-PRS serum against 
PR3, PR4 and PRS phagese 
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obtained with the homclogous phages With anti-PR4 serum, no 
clear cut relationship could be obtained due to its Low K 


value and lack of specificity. 


Table XIII shows the K* values of anti-—PR3 and anti-PR5 
sera calculated from the average of 3 or more K valuese it 
is concluded that the three are serologically related though 


not identical phages. 
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TABLE XiIi 


RELATIVE RATE GF INACTIVATICN CONSTANTS (K*) FOR ANTI-PR3 
AND ANTI-PRS SERUMS WITH PHAGES PR3, PR4 AND PRS 


Serum K for homologous phage K! valwes 
PR3 PR4 PR5 


Anti-PRS 45 0.47 0.28 1 
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DISCUSSION 


The present study has revealed several characteristics 
of the phage PRS which mark it as belonging to a new class 
of bacterial viruses Its biochemical composition, plasmid 
specificity and the manner of adsorption not only disting— 
uish it from all other male phage studied, but aiso 
distinguish it from another very large group of morphoc— 
Logically similar isometric phage with non-contractile tails 
(10,91). The tail of PRS, however, presents some 
uncertainty because of its absence from a large number of 
phage particles including apparently intact phage heads with 
full nucleic acid content. The same is true of PR3 and PR4 
phagese It has been reported that phage particles with full 
head and intact tail are extremely hard to find with these 2 
phages (12). The possibility that either the tailed cr non- 
tailed phage is a eer contaminant of the preparation 
is unlikely because the 2 species have identical head 
morphology and buoyant densitye They also have similar 
nucleic acid since DNA extract of phage preparations 
containing both species gave one single sharp peak in CsCl 
density gradient equilibrium centrifugation and have one 
thermal denaturation temperature indicating similar GtC base 
ratiose Two other possibilities exist. One possibility is 
that the tailess particles are incomplete phage produces by 
defective intracellular multiplication and assembly. 
Defective phage particles have been reported to be present 
in large quantities in Bacillus mycoides phage Noe 1 (90) 


and the Se typhimurium phage Pi (4). In both cases, the 
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abnormality lies in the size of the phage heade Although a 
similar defect of phage tails has not been reported, it is 
reasonable to allow for this possibility. Another possible 
explanation is that the phage head and tail have been 
detached during preparation and staining procedures. 
Similar observations were obtained when crude Lysates were 
studied by electron microscopy, which suggests that the 
detachment was not due to the preparation procedures. But 
the possibility that the damage might occur during the 
staining procedures have not been excludeds However, no 


firm conclusion can be drawne 


The problem is further complicated by the electron 
microscopic observations that the majority of the adsorbed 
phage particles appeared to be tailesse This raises the 
question whether the tail is an intrinsic component of the 
phage structure, as it —!- that these tails are not 
functionally indispensablee Studies on phage T1 and T5, 
isometric phages with long non-contractile tails, have 
revealed that they adsorb to their host cells with the tips 


of their tails (3). Experiments using purified receptors 


extracted from Es. coli cell wall demonstrated that these 


receptor combined irreversibly with the tips of the TS tail, 
causing release of phage DNA (96). Therefore in these 
cases, it is clear that the non-contractite tail is 
functionally involved in phage adsorption and nucleic acid 
transfer during the initial stage of phage infection. 
Performance of this function by an additional structure on 


the phage capsid has not been reported. Howevery 
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speculations based on the present stage of knowledge on PRS5 
appear to be futile. An answer to this question has to 


await further studies. 


As has been pointed out previously, several other 
Phages have also been isolated which infect bacteria 
carrying RP4. Except for PRER1, which adsorbs to R pili, the 
remaining phages Pf3, PR3 and PR4 att have somatic receptor 
sites Like PRS. This indicates that bacteria infected with 
RP4 receive at least 2 new antigens which are absent in R- 
bacteria, a pilus antigen which adsorbs PRRi and a cell wall 
antigen which adsorbs somatic R phagese Indeed, a new heat 
stable OC-somatic antigen has been discovered in Ee coli 
which have received RP1, an R factor very similar to k&P4 
(Pitt, personal communication in (12) The exact chemical 
mature of this antigen has not been identified. ja ee LES 
likely that this O-antigen is the receptor for RP4 somatic 


phagese 


Seme additional information about the nature of this 
receptor has been obtained from the results of the 
experiment using Se minnesota cell wall mutantse A 
comparison of the degree of phage adsorption (see resuits ) 
and lack of completeness of their Lipopolysaccharide 
structure (figure 7) shows that strains lacking O-specific 
polysaccharide (Ra) adsorbed the phage as efficiently as the 
smooth strain with complete cell wall structures. 

Adsorption still occurred to a level at 60% of that of the 


smooth strain with an Re mutant which lacks the outer core 
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Figure 7: Proposed simplified structures of different R 
polysaccharides in Se minnesota (51). 
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polysaccharides but retains glucose, heptose and keto-deoxy— 
octonic acid (KDO). No adsorption took place with the Rdl 
mutant which has only heptose and KDO. This suggests that 
the hexose sugars are involved in the structure of the 
receptor site. Glucose, in particular, might be a 


structural component of the new antigen synthesized by RP4. 


The receptor sites of other somatic phage are fairly 
well knowne By selective removal of various components of 
the Ee coli celi wall, it nas been demonstrated that the 
receptors for T2 and T6 are situated in the outer 
Lipoprotein layer, while the receptors for T4, T3 and T7 are 
in the underlying Lipopolysaccharide Layer (97,98). With 
the use of multi-resistant mutants, the commen receptors for 
T3, T4 and T7 has been identified as the sugar L-gala—D-— 
mannoheptose.e. The receptors for the Salmonella anatum phage 
e15 — also been identified as a polymer of trisaccharides 
mannose-rhamnose-—galactosee Specificity of binding is due 
to the a linkage of the galactose to the mannose of the next 
trisaccharide (49). The receptors for T5 have been 
extracted from Ee coli using very weak alkali (98). 
Purification of this active material yield spherical 
particles composed of two layers. The core polysaccharide 
also bound T3, T4 and T7 after the outer Lipoprotein Layer 
had been removed by phenole However, treatment with phenol 
destroyed the activity against T5, which indicated that the 


receptors for T5 are situated in the Lipoprotein Layer. 


It is apparent that the receptors for PR5, Like those 
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for T4, T3 and T7, involve the Lipopolysaccharide structure 
of the host cell wall. Unlike the T-receptors which are 
components of host cell wail, PR5 receptors are plasmid 
dependent and therefore might be biochemically different 
from pre-existing cell wall components» Lave texs Hex is 
possible that the same kind of methods can be used to study 
the PRS receptors, hence the nature of << RP4-directed 


somatic antigen. 


it has been shown that the plasmid specificity of PR5 
is not restricted to the P group of R factorse The phage 
can also infect bacteria carrying the WandN groupe 
Hybridization experiments of R factor DNA has demonstrated a 
50% homology between the P group and the N group, and also a 
slight homology between the P group and W group of R factors 
(36). It is cacehvie that the PR5 receptors are determined 
by the homologous cimthes of the plasmid DNA» PR5 however, 
does not lyse RPGS, which is another member of the P group. 
The reason is not knowne Although hybridization experiments 
showed a high degree of homology between RPS and RP1, the 2 
plasmids are not identical (36). It is possible that the 
receptors are not expressed in bacteria carrying RPS, or the 


plasmid simply lacks the genes that code for the PR5 


receptorse 


Of the 2 Lipid-containing phages PM2 and 96, PRS is 
more similar to PM2 in the absence of an external envelope 
and in the amount of Lipid content (see results and table 


IIlI)-e Ail 3 phages have similar phospholipids to those of 
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their host bacteria except PM2, in which traces of 
phosphatidic acid has been found which were absent from its 
hoste The percentage of each individual phospholipid, 
however, was very much different from their host bacteria. 
All 3 showed a marked increase in phosphatidyiglycerol and a 


decrease in phosphatidylethanolamine content. 


Virus infection has been known to produce changes in 
the lipid metabolism in animal cells. Lipid synthesis may 
be stimulated or suppressed, or, in some cases, only 
selective classes of lipids are effected (43). The 
difference in the amount of individual Lipids in the phage 
from that of their host bacteria suggests that similar 


effects might have been produced by infection with phages. 


Treatment of ¢6 (10!1°PEU/m1) with 25% ether for 7 to 8 
seconds produced a 10° fold decrease in phage infectivity 
(93). Although different condition has been employed to 
study the effect of solvent on PRS (see methods), it is 
apparent that PR5 is ieaskdbenbie more resistant to ether 
than ¢6 {see results)-e Since both phages have similar Lipid 
contents, the absence of a Lipid envelope in PR5 and the 
difference in ether sensitivity suggest different Locations 
ef the Lipid constituentse This possibility is supported by 


studies on PM2 which also Lacks a Lipid envelope. 


X-ray structure analysis and electron microscopic 
studies of the PM2 particles (32) indicated that the phage 
lipid is arranged as a bilayered structure with a Low 


electron density non-polar inner regione The polar groups 
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are separated from the external protein coat by another Low 
electron density region which, when negatively stained, 
Sives rise to a darkly stained band beneath the stain 
excluding protein coats Ocassionally, when the particle is 
empty of nucleic acid, stain enters the centnat core 
defining a second stain excluding layer which is the lipid 
bilayers Therefore when negatively ee tedsatenr the empty phage 


particles have a double-walled appearance. 


As has been mentioned earlier, empty PR5 particles give 
a similar double-walled appearance when negatively stained. 
This suggests that PR5 might also have a bilayered structure 
similar to that of PM2. Its Low sensitivity to ether might 
therefore be explained by the relative inaccessibility of 
the solvent to the Lipid iayer due to an external prcetein 


coate 


Lipids in animal viruses are thought to be involved in 
infection of host cells (43). The role of Lipids in wuss 
bacteriophage is unknowne It is uncertain whether infect— 
ivity remain with #6 particles after their Lipid envelopes 


have been removed by solvent treatment (23). 


Two phages PR3 and PR4 have been isolated in Australia 
which have similar plasmid specificity as PR5. In addition, 
they also have double stranded DNA, similar buoyant density 
and morphology in electron micrographse PR3 however, 
ditfers from PR4 in plaque morphology (12). Neutralization 
studies using anti-PRS and PR3 sera was able to demonstrate 


considerable antigenic differences between the 3 phages, 
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although cross reactions exist (see results). 


An analogous situation occurs among the RNA phages 
These phages are similar in plasmid specifity, morphclogy, 
and in other biochemical properties (see introduction). 
Serological studies, however, provided evidence that they 
are different phagese Mi2 and MS2, for instance, gave 
Similar K* value (0.88) with heterologous anti-MS2 and anti-—- 
M12 sera3; however, using anti-f2 serum, different K!" values 
were obtained for M12 and MS2, showing that they are 
different phages (80). Analysis on their protein coats 
showed that the two phages have identical amino acid 
composition (46). The same study also demonstrated that £2 
and R17 capsid protein differs from these by one amino acid 
replacement. This finding correlates with serological 
observations kia £2 and R17 reacted with anti-MS2 serum 
@iving 0254 and 0.72 K! vphisne and with anti-M1i2 serum 
giving 0-41 and 0271 K* values respectively (80). Therefore 
these serological tests are abie to detect even slight 
difference in phage protein structure. The same kind of 
serological studies have been used to study various mutants 
isolated from the wild type phage A (29) and showed that 
certain mutants were neutralized at only 0.25 of the rate 
for the wild type phage A. Therefore it is possible that 


the group of RNA phage might all be serological mutants of 


the same phagee 


Since there is no well defined criteria of similarity 


and dissimilarity between 2 phages using K*" values, in the 
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case of the PR phages, one can only conclude from infcrm— 
ation available that PR3, PR4 and PR5 are related but 
different phagese» Further information can be obtained from 
ee by bee hitead analysis on composition of phage protein and DNA 


hybridization experinentse 


ed | : ay i 


eas aoa spedoaos . 7 =n ? ah 
sau hod adon oe po ne ba 
wort beaistdo sd nea notranrotes 


ARO. bos eres ona ro.  itteemee on 


- we ho 


: ae | 
L Be if 
} i , 
: _ 
4 TS Re a 
. =, ( i 
AS 2) ¢. 4 ban hee 
ue ay oe Malta a5 et ete 
eee or ) 
29, ne hae eae 7 
y i ct = i mio 
i a f. 


. | we et print Reena ; 


Pe sh anes! Seals siabee 


2e 


3e 


40 


7s 


8 


10. 


11. 


12. 


i3. 


88 


REFERENCES 


Adams, M Fe 12959. Bacteriophagese Intersciencee 
NeYeo 


Ames, G.F-o 1968. Lipids of Salmonella typhimurium and 
Escherichia coli 2 structure and metabolism. 
Je Bacteriol. 935: 833-843. 


Anderson, TaFe 1353. The morphology and osmotic 
properties of bacteriophage systemse Cold Spring 
Harbor Sympe Quantse Biol. 18: 197-203. 


Anderson, TeF. 1960. On the fine structure of the 
temperate bacteriophages Pi, P2 and P22. 
Proce European Rege Conte on Electron Microscopy 2: 


1008-1011. 


Bauery AeWe, Kirby, WeMeMe, Sherrie, JeCe, and Turch, 
Me 1966. Antibiotic susceptibility testing by a 
standard single disc method. Amere Je Cline Pathol. 
45: 493-496. 


Bishop,DeHele, and Bradiey, DeEe« 1965-6 Determination 
of base ratios of six ribonucleic acid bacteriophages 
specific to Escherichia colie Biocheme Je 95:3 82-93. 


Bligh, EeGey and Dyer, WeJe 1959. <A rapid method of 
total Lipid extraction and purification.e 
Cane Je Biocheme Physiol.» 37: 911-917. 


Bradley, DeEe 1864. The structure of some 
bacteriophages associated with male strains of 
Escherichia colie Je Gene Microbiol. 35: 471-482. 


Bradley, DeweEe, and Dewar, CeAce 1967. Intracellular 
changes in cells of Escherichia coli infected with a 
filamentous bacteriophages Je Gene Virole 1: 179-188. 


Bradley, DeEe 1971. A comparative study of structure 
and biological properties of bacteriophages. In: 
Comparative Virology. Edited by? Maramoroschy, Ke, and 
Kurstak, Es Academic Press, NeYo pe208-255. 


Bradley, DeEe 197973. The adsorption of Pseudomonas 
aeruginosa filamentous bacteriophages Pf to its host. 
Cane Je Microbiol. 19: 623-631. 


Bradley, DeEe, and Rutherford, EeLe 1975. Basic 
characterization of a lipid-containing bacteriophage 
specific for plasmids of the Py, Ny and W compatibility 
groupse Cane Je Microbiole Cane Je Microbiol. 21: 


152-163. 


Braunstein, SeVey and Franklin, ReMe 1971. Structure 
and synthesis of a Lipid-containing bacteriophagee V: 


hee 


a} at hay ‘ 
ea, ie * 1% 
; a4 7m) 
Wy i i oie 'he oh 
] F eet 
‘ : 


aden ibs pe aeat aM ake ee 


' .»#o ae lonnaetal saopetgok po toni :: yaRer 4 SM fame . 


“ 9¥er 


fe eae 


bin gubhaueidaxt akintinials a ebiqit | geet - we 

‘mat Soda nam bys wrote = liga & ; a 
whee sOb8~E06 rae. “0 1nete 

Sods A 


yniteneo ban eyohodgion edt +62el at nee 
gningt: O5eD . -emeataye og otqgoiset oad to eel: 
+G0S-TGl TRE «Soi s«tnenO ogee 


i} to #407 Suede eoait ent ad : 0904 Aet 


So9 bow £9 (iY eegedqeiae toad 
seat > reer. a qortoelss ‘oo «ano <eoe d 


6 vad gokteet wea ais 
lonfet- enti +b «2am 
aod farch ersted «8GOL eh ofl 
wepadqu bist dead bios pint ieee 
GOrE8 228 «8 smonioo ia +iteo 


to bodsede biges A enti 
| efteireo’® 
ae iad 


ae nee te dikadnailies: 

t. to pokerte einm itiw 

oSBb-1Th TBE: vJoldoraiK end oboe 

 eefud Jaaestal staan hed stewed Daw ¢eded 
a ditiw betsetali Jiga az ® 

“Ba rett re Son iv (Nod ab 


e4uiourTTa TO" aati av itenxaqnos a eter wae vessoen 


ial .teogetqeiietond to oot tnaqoey Ssotyeloid bas 
‘bae «et sHoworomena fy berib® +ygosowsY avidaxequad 
+BRS“BOR HS ten s2eerd aimeb oak a ‘haboret 


m ‘nenheobesas te éantaneiien edt -trer aed +¥esbera 
tnod 23l of 29 esgaitigé ise? sad | 


 ReOLaNI ee 
»léa-tsa ah stotdoro ie ot onad 


siwad avel ‘ad saaqatelll bas sed a 


“epedqoi+s$ aad acigistooo~biqif p to noltes taetostsdo | 


<Q? iS iditegqmos W base yh 7% edt, Yo ehimesiq 162 oltiveqs 
Cro Pah barat 8 «lL ‘enmad | +Soidor oie ot +009 - ’ sean-set 


F 
a 


4 eres nyate eons «Met i ftns 14 oars yo¥ e®  esernianed 


262 | 


oe ayy _ 12 stTGL oMea gah tain AT ee a oe.) ern Se er! ae fe mere 


14. 


15. 


16. 


17+ 


18. 


19. 


20 


21. 


226 


236 


246 


89 


Phospholipids of the host BAL-31 and of the 
bacteriophage PM2. Virol.» 43: 685-695. 


Calendi, Es, Dettori, Rey and Neriy MeGe 1966. 
Filamentous sex-specific bacteriophage of Escherichia 
coli K12. IV: Studies on physico-chemical 
characteristics of bacteriophage EcQ~s Giorns Microbioe 
14: 227-241. 


Caro, LeGe, and Schnos,Me 1966. The attachment of the 
male specific phage f1 to sensitive strains of 
Escherichia coli. Proce Natise Acadse Scie UeSe 56: 
126-132. 


Ceppelini, M , Dettori, Re, and Poole, Fe 1963. Sex 
specific bacteriophages of Escherichia coli K12Z~ Tit: 
Physico-chemical characteristics of phage u2. 

Giorne Microbiol.» 11: 9-13. 


Chandler, Pe Me, and Krishnapillai, V» 1974. 
Phenotype properties of R factors of Pseudomonas 
aeruginosa: R factors readily transferable between 
Pseudomonas and Enterobacteriaceaee Genets Rese, Camb 
23:2 239-250. 


Cohen, Gey and Eisenberg, He 1868. Deoxyribonucleate 
solution: sedimentation ina density gradient, partial 
specific volumes, density and refractive index 
increments and preferential interactionse Biopolymers. 
6: 1077-1160. 


Cronan, J Ee 1868. Phospholipid alterations during 
growth of Escherichia colie Je Bacteriol. 95: 2054- 
2061. 


Datta, Ney Hedges, Re Wey Shaw, Ee Jey Syke, Re Bey and 
Richmond, MesHe 1971. Properties of an R factor from 
Pseudomonas aeruginosae Jes Bacteriols 108: 1244-1249. 


Davern, Cele 1964. The isolation and characterization 
of an RNA bacteriophages Auste Je Biol. Scie 17:2 719- 
T25% 


Dettori, Re, and Neri, Me Fea 1965. Batteriofage 
filamentosa specifico per cellule Hfr ed Ft di 
Escherichia coli K1i2e Giorne Microbiols. 13: 111-121. 


ELlis, LeFe,y and Schlegel, ReAe 1974. Electron 
microscopy of Pseudomonas #6 bacteriophagee Js Virol. 
14: 1547-1551. 


Enger, MeDes Stubbs, EsAey Mitray Sey and Kaesberg, Pe 
1963. Biophysical characteristics of the RNA 
containing bacterial virus R17. 

Proce Natle Acade Scis Washe 49: 857-860. 


polo kM euvek®. «Go sgedqoiztet sed to wobte 


wai bint se shaaude bos ao iteSowt oat «bogs sar shat ots 


ee Lo baa TE=2k daort ort to abi 
: weAdradee Ek font Bsc ‘ope 


saad! we? eM, ye ro Pe <a t eyes ot 
atdaiaedasd Yo sy oriqolretygad. ‘oi iseqe-xee. IFO: 
Ievieando-veoletdg ae! ao thas t2 ‘vi 


io tuemioant?« edt «eeet si paomitoe baa eee 
to eniert® ov ifisnes of Lf otkiseqes 
:g8 0 «6B. U | 68 aha oA eS tak soot +, 


aoe cael of sedeet Bae. yom 4 } 
t11i- «0% ben pbtobasdaed to eeqed 
hu oases to mesh ist 


bs 


ohTOL, eV ehed ht 


Aioemahe ons ie, &xoF 
_ asewted vJdavetenet® 


bowel 2 ‘eaee «et enea® dite 


2 pckiallne un jioledilbs J ate oh 

in tt4eq sine libertsg utisnat eal oid 
| xobal ovitobwie’ baw enbaagi 

seraaryd ro kA ; ein ace) fai a . 


tutauh snekbnediie platter ; 
“eet mw see . Torsten sal 
bite go of as: ae 8 «waite ve at 


wOotY rotons? 2 ao To eaei t2eqosF 
+ORSI-PEGI TROL: taathesene ot «t "saunadabeh 


enckottettsa® «8@0Cl «4 oH 41784 Bae eos dein SS 


ate ib *2 be +48 eJulies 29q ooktioege seetnemesS#t 8 | 
“ISI-ECL 3E1 sSokdovoam «a20 10 Sta ioe eldzizedoed . 


nvatoe Sa ~sbOGL «iam Sepasace nen ne eaissa 4€S 
i foul¥:- ot ‘ee LOT: oe lo yYqooeo ts im 
oheaa-Teer thh 


nat wrod vex Das) ged <a 1M sede eudause eeGeM eTegad obs 
Ae ostf Bo solfel+etoatsdo Jasiaydgo!t. +6eel 


EEN “XL +iv@ sioiff et Re, 


we «TER auviv Sniresoed goiaistaeo | 


0ee-Faa *Qh  edeoW -198@ desk «Stek soo7d 


256 


266 


27. 


28-6 


2G 


30-6 


31. 


320 


33-6 


346 


350 


36-0 


37. 


90 


Espejo, Ree, and Canelo, Ee 19868. Properties of | 
bacteriophage PM2: a Lipid-containing bacterial virus. 
Virol. 34: 738-747. 


Espejo, Re, Caneloy Ee, and Sinsheimer, R.L» 1968S. 
DNA of bacteriophage PM2: a circular double-stranded 
molecules. Proce Natl. Acade Scie Washe 63: 1164-1168. 


Fischbach, FeAs, Harrison, PeMey and Anderegg,y JeWe 
19865. An X-ray scattering study of the bacterial virus 
Ri7. J~s Mois Biole as 638-635. 


Fouace, Je, and Huppert, Je 1862. infection des 
speroblastes bacteriens par L' acide ribonucleique 
Phagique: Methode dtisolement et dtidentification des 
phages par leurs acids nucteiquese Comptes Rende 
Acade Scie 254: 4387-4389. 


Fry, BeAey and Waites, WsMe 1869. Antigenic 
differences between wild type and mutants of 
bacteriophage Ase Je Gene Virol» 4: 47-53. 


Gestland, ReFe, and Boedtker, H. 1964. Some physical 
properties of bacteriophage R17 and its ribonucleic 
acide Je Mol. Biole 8: 496-507. 


Grinsted, Je, Saunders, JeRe, Ingram, LeCe,y Syke, ReBay 
and Richmond, MeH» 1972. Properties of an R factor 
which originated in Pseudomonas aeruginosa 1822. Je 
Bacteriole. 110: 529-537. 


Harrison, SeCe, Caspary Dele Dey Camerini-—-otero, RaeDe, 
and Franklin, ReMe i971. Lipid and protein 
arrangement in bacteriophage PM2. Nature New Biole 


229: 197-201. 


Hottimann-—Berlinggs, Hey Marvin, DeAsy and Durwald, He 
1963.2 Ein fadiger DNS-phage (fd) und ein spharischer 
RNS-phage (fr), wirtsspezifisch fur mannliche stamme 
von Ee coli. Iz Praparation und chemische 
eigenschaften von fd und fre Ze Naturforsche 18B: 
876-883- 


Hofschneider, PeHe 1963. Untersuchungen uber "kleine" 
E. coli Ki2 bacteriophagene Ze Naturforsche 18B: 203- 
210.2 


Hsu, YeCe 1968. Propagation or elimination of viral 
infection in carrier cells. Bacteriolse Reve 32:3 387- 


399. 
Ingram, LeCe 1973. Deoxyribonucleic acid — 
deoxyribonucleic acid hydridization of R-factors. 


Je Bactericle 115: 1130-1134. 


Ippen, KeAey and Valentine, ReCe 1967.2 The sex hair 


TAN 


mid: aeqo%t5 ee: H vs. =e baa 

mstv Se fan tend noth dos neseD hats” wo ses | 
REET, 

-GhG028 © elol prow ke den be, bane ‘gdm 4pdoned ee rot 
-noette-eidveb safuorka.« T6049 lec ah icon Shai So 4 
ri-boat! Git heat” hoe shack oJtak 2009 wos 
: es iy 

Web »RuoteheA bie eon. ,uHoe tows cokee aeddio | 
‘foiltet sad eff Yo ehute atize? taoe ork mA a sical 
ne 2EL =e fom ot TE 


Reb aaks ogtat Leer a a te 

9: pied ss) eet doy ebioatds 194 8 5 

“eat ade benniemc gilt to. tno 
.boow erqmnod seexplefoun 
— 


} { 
oineg sitar «ORE ee 


to igi agg Bie? fei : 


lavbawdd emo poet a” Pc vA tb 
» ies ounodin ets bas il oA 


teva %& os to nek 


‘ se oh. 4 re Ae tr Del- er raha 
A Sot: meh 


» oh ee onenovia inemad paca 
ey - niestore bas bigils — 
etola wet oauton 


wit bfawnwt on er rer hg 
soforhlosdde ole boaw\ (bE) , 
scant sioitenom av souls tapenade “eres 
«stom iweda baw aoltasaqend tt 

‘ant efoerotawtek «3 ot% baw nt aow 


“ondGJd" edu segaudouenstad 6801 sHed +tebleadsetot be 
~BOS saat “fonroreaman os .esyodgokretoad £1% htop +f ‘ 


| Senkv to entiin site 19 ndidgnlaann ween. 4508 quel §=6626 
-T at £56 «vee -Soeneae eS Soa pedawso ai anolitootat 
eee 


> bing, oselenbieietnes seleke ake feet 2c 
a -210tget-# re. neitexibiriyd biee slelowaodingxoeb | 
“ PPELIWOGLE BLL sfounasoam et 


Oe ae Pade o> — Ya a a yy hae rn 


38-0 


396 


40. 


41. 


426 


44. 


456 


46 


47 


48. 


49-6 


50-2 


91 


of Escherichia coli as sensory fiber, conjugation tube, 
or mating arm? Biochems, Biophyss Rese Comme 272 674- 
680-6 


Kanemasay Ye, Akamatsu, Ye, and Nojimay Se 1967. 
Composition and turnover of the phospholipids in 
Escherichia colis Biochims Biophyse Actae 144: 382- 
330. 


Kanfer, Je, and Kennedy,EoePe 1963. Metabolism and 
function of bacterial Lipids. Iz? metabolism of 
phospholipids in Escherichia coli Be Je Biole Chem. 
238: 2919-2922. 


Khatoon, Hey Lyery ReVeyxy and Iyer, VeNe 1972. A new 
filamentous bacteriophage with sex factor specificity. 
Virol. 48: 145-155. 


Kitroe-Smith, TeAs 1963. Notes on the paper 
chromatographic method for determination of 
Phospholipidse Je Chromatoge. 41: 116-117. 


Kleinschmidt, Aa»K»s 1968. Monolayer techniques in 
electron microscopy of nucleic acidy In: Methods 
Enzymol. Xiie Edited by: Grossmany Ley and Moldavey Ke 
Academic Press, NeYe,Londone 


Kohn, Aes and Fuchs, Pa 1973. Initial effects of 
viral infection in bacterial and animal host cells. 
Adve Virol» Rese is: 159-194. 


Krueger, ReGe 1969. Serological relatedness of the 
ribonucleic acid-containing coliphagese Je Virol. 4: 
567-5736 


Lang, De 1970. Motecular weight of coliphage and 
coliphage DNAe Iii: Contour length and molecular 
weight of DNA from hacteriophage T4, T5, T7 and bovine 
papilloma viruse Je Mol. Biol» 54: 557-565. 


Lin, JeYeos Tsung, CeMey and Fraenkel—Conraty, He 1967. 
The coat protein of the RNA bacteriophage MS2. 
Je Mole Biole 24: 1-14. 


Loeb, Te 1960. Isolation of a bacteriophage specific 
for the F+ and Hfr mating type of Escherichia coli K12. 
Science 131: 932-933. 


Loeb, Tey and Zinder, NeDe i961. A bacteriophage 
containing RNAse Proce Natle Acade Scie UeSe 47: 282- 


289-6 


Losick, Re,and Robbins, PeWe- 1969. The receptor site 
for a bacterial viruse Scie Ame 221(5 ): 120-124. 


Lowry, OeHe,s Rosebroughy, NeTe, Farry AseLey and Randall, 


aN 


pataod? ce As egtiats ¢ sea 54 (1eamoe Be . thaw) 
=p ¢ Th ‘eine 2. soa eine: onecfsn tit 
: : uted oa 1 

-T4@! .@ yomile One, eet eaetanena wee 

ii pboldilertqeetq ed% bo sevens bow aod? tec 

tee estoA seyrtqaks emision ff Ake 


a CO 


hag welitodaroy pt eet sumeivaaall rer alk etetaed 7 
to eniledsatom fl ~ebiqis Jabhetoad do lends 
wen? «foi <6 of Ades: ahenianiaat + ebigiloedqad 
won A sS¥OL sKe¥ eneell baw ee aaah | 
Utioitisede tefoet nse Atie 


On Oty one ao eerat 


Lo noltenimrete. sok | 
-Uit-abt ich csovananaa ste 


2) wean pe ape iat ‘aed | 
abedtek tal crime Otek OF: 
 F sevebtow beta eed oemMAeeRD a © ab 


= } 


ei etootts seitand — 7 i 
uiSeo teoad Jomine 


ad? 30 on onbet as on wiry) system | 4 
1h etont iV 2h seeyodq \ 4 


bas sgedaisoo to. tdgiew seduce Fou 

' soalyootlem bos di qaed sworn. » 2558 
oa bvort bin TT (St. gh¥ ogedqol+atood mont 
it -boeree the «lois «tom ot smoky 


USGL oH ¢rarnod-temaeet® baa oheed cenuet qetab oad: db 
oo ee onadqolens tap AWt oft To aietekq ts02 elt 
AY ) eht-i eS «Joi «Jou ot 


Zatioqvga suaaphekhabel: © te poitetoal «0eBt «Ek vdeo «TS ‘i 


obedqoinersed A BOE det erebalS bas yet ydoold .BF 
“ERS Ch 68.0 «tod ee cite soot) «AM gnkaletaco — 


Pile <viqenes wat soak: cihems unsiialh: eens aadieia ae 
=” obSI-O81 | MRIS. ah tee CORE GOR eer ean: ai ney <5 


‘ 
= 


, <? y 
SE ee . « — “news ae wk — ee >=: 


Sle 


S20 


S3e 


S4e 


SSe 


S660 


S7-e 


5 8e 


S9-e 


60. 


61. 


626 


636 


92 


Re Je 1951. Protein measurement with the Folin Phenol 
Reagents Je Biole Chems 193265-275. 


Luderitz, Oe, Jann, Key and Wheat, Re 1968. Somatic 
and capsular antigens of gram-negative bacteriae 
Comprehens Biocheme 26A> 105-228. 


Marmury, Ja 1961. <A procedure for the isolation of 
deoxyribonucleic acids from microorganismse 
Js Mol. Biol. as 208-218. 


Marusyk, ReGe,y, and Hammarskjold, Ms i972. The genetic 
relationship of two canine adenoviruses as determined 
by nucleic acid hybridization. Microbios 5: 259-264. 


Marvin, DeAs, and Hoffiman—-Beriing, He 1963. A fibrous 
DNA phage (fd) and a spherical RNA phage (fr) specific 

for male strains of Escherichia coli. Ze Naturforsche 

ASE> 884-893. 


Marviny DeAs, and Hoffmann-Berling, He 1963. Physical 
and chemical properties of two new smali 
bacteriophagese Nature (London) 197: 517-518. 


Marviny DeAeo 1966.2 X-ray diffraction and electron 
microscope studies on the structure of the small 
filamentous bacteriophage fde Je Mole Biol. 15: 8-17. 


Marvin, DeAey and Schaller, He 19866. The topology of 
DNA from the small filamentous bacteriophage fd. 
Je Mols Biol. 15:3 1-7. 


Marviny DeAey and Hohn, Be 1968. Filamentous 
bacterial viruses.e Bacteriole Reve 33:172-209. 


Meynell, GeGe, and Lawn, AeMs 19868. Filamentous 
phages specific for the I sex factore Nature (London) 
217: 1184-1186. 


Meynell, GeGe 1972. Bacterial Plasmids. Macmilian 
Press, Londone peSle 


Minamishima, Ye, Takeyay Key Ohnishi, Ye,y and Amakoy Ke 
1968. Physiochemical and biological properties of 
fibrous Pseudomonas bacteriophageses Je Virole 22 208- 
213. 


Mitray SeMe, Enger, Dey and Kaesberg, Pe 1963. 
Physical and chemical properties of RNA from the 
bacterial virus R17. Proce Natlie Acade Scie UeSe 50: 


68-75. 


Miyake, T, Shibay Ie, and Watanabe, Ie 1967. Grouping 
of RNA phages by a Millipore filtration method. 
Japane Je Microbiole Al: 203-211. 


a 


t UO wilt A steel of raat 


fe,oalawt4 -Caet anes 


tnobee lt saute - at aca xoe FT A ail lenas 


% 


jenadd able ort Avie ¥ oe caging wo ita “a beboneD) | . 
al »AVe “GO SESE. ee stout een 


» Ll famoe Go8l .f »Poent® bbe’ eri aul vee: satine as 
“,Hineot pad sv ite poe~masty ‘te inne wade pa 
«888 “801 iam omedoont 


bo nodtolor sl: oft ors nribenona A fer. (ae # ase 
‘sea kaaareaas ate nowt ebioe gistouned ane: 
ar % Sacre sone ok 


vag edt | ofer ou ebSousernmenen an o 
heslaneteb ea acouurivenshs on ioso ow? T 
.bac=4eS t2 seidersih eee 


sitioege (92) spadq AMS ppp ry 
oth On yotsuviat «& +iieo eldoiwedoed to 


4 t 


a ileme een ow to 


~82e-Tie :De, {aabaet Sean . 

dink ollie bas aoitona’ 

iiews edt to tens 
Vie, '2) stevia el aot 

te ume 2eges eat »d0@t : 

+bl ogateqolnetoed ex 


= ‘puct somata Goel i. es 
—BOS-LTItCE .weel sSolset oad 


sbotnens) 19. anes ales rowed bao 
iii iiaonh - pabinwed4 a ater 02 
Toaset | | rn Fond rae vena ‘y 


A oibauah bas eo e¥. < neanaiee: eed nindint oe? dmekinsbenadn etd 
- to. aettreqerq Jesigoiotid bas Jsvimedookayad see! 


ROE *¢ efovi¥ ot  somanaqehnetedh ‘ane oe 
 +BSRD 64 yer edeest bua od eget pry eortim SO 
eff mov AW Yo evbtiwgqetq iecimedo base Jesiaydd ; 

a +2+U si08 sbeah .J@nM soon .TIR eoviv deisetoed 8 = 


ee TOOL. of edsdarew bos ot padid® ,T youteeih £0 


a 


-bortiom aeites? t steqiJilM © 4d Segenq AMM to, 
3 od! “608 :if -+toidoroiv ob omaqal 


—- ie 


64. 


65 


666 


67 


68 


69. 


70. 


T1e. 


720 


73. 


T40 


15-6 


93 


Nishihara, Te, and Watanabe, I- 1969. Discrete 


buoyant density distributicn among RNA phagess Virol. 
39: 260-362. 


Nonoyamay Me, Yukiy Aey and Ikeda, Y. 1863.2 On some 
properties of phage 8, a new RNA containing phagee 
J» Gene Appl. Microbiol. 9: 299-305. 


Olsen, ReHe, and Shipley, Pe 1973. Host range and 
properties of the Pseudomonas aeruginosa R factor 
Ri&822. Je Bacteriol. 1435 772-780. 


Olsen, ReHe, and Thomas, DeDe 1973. Characteristics 
and purification of PRE1, an RNA phage specific for the 
broad host range Pseudomonas R1822 drug resistance 
plasmide Je Virole 12:2 1560-1567. 


OU, Je 1973. Inhibition of formation of Escherichia 
coli mating pairs by £1 and MS2 bacteriophages as 
determined with a coulter countere J. Bacteriol. 114: 


1108-1115. 


Overby, LeRe, Barlow, GeHs, Doi, ReHwey Jacob, Me, and 
Spiegelman; Se 1966. Comparison of two serologically 
distinct ribonucleic acid bacteriophagess Te 
Properties of the viral particless Je Bacteriol. 91: 
442-448. 


Overby, LeRoy Barlow, GeHe, Doi, ReHoy Jacoby, Me, and 
Spiegelman, S=» 1866. Comparison of two serologically 
distinct ribonucleic acid hacteriophages. II. 


Properties of the nucleic acids and coat proteins. 
Je Bacteriol. 92: 339-745. 


Cweny ReJes Hiil, LeRey and Lapagey, Se Ps 1969.4 
Determination of DNA base compositions from melting 
profiles in dilute buffers» Biopolymers 7: 503-516. 


Pizer, Lele, and Merile,y JePs 1973. Effect of serine 
hydroxamate on phospholipid synthesis in Escherichia 
coli. Je Bacteriol. 114: 980-987. 


Pratt, De, Tzagcloff, He, Erdahl, WeSe, and Henry, TeJe 
1967. Conditional mutants of coliphage M13. In: The 
Molecular Biology of Virusese Edited by: Colter, JeSe, 
and Paranchychy, We Academic Press, NeY~e pe 219-238. 


Ralph, ReKe, and Berquist, Pele 1967. Separation of 

viruses into componentse In: Methods in Virology II. 

Edited by Maramorosch, Ke; and Koprowski, He Academic 
Press, NeYo p»463-545. 


Salivar, WeOQe,y Tzagoloff, Hey and Pratt, De 1964. 
Some physical-—chemical and biological properties of the 
rod-shaped coliphage M13 Virol. 24: 359-371. 


TALL sfoiaetoee ob - a hana » a? 


oc Joins toe8 ot «© 


asterasi® «tad «lI <a dis a bag oP 
«tart sseugnda AWE RHOers coh tusk s2elh, heal | 
sme af et adil “¥ yeti: bas pare hae we 7 bates Y ae 
.o ot pohtakiatnes AKA wen o@ yh ogadg fo ae'e ‘ ’ 
»20G~eek 2. slaidoroit oigah ; 
~~ ita <, a 

bose eygnds J aoH -OF@L «A eyesiqine one. ‘aiedesl GE 
otoet & spot tavaes senonobuges ant? to aoitieqers 
ry sOBTH=ETL "GAL sheavanane «Lb ofS ; 


solteiretessadd  -ETEE +a a, : 

sit Ok o1F tpeqe sgatq AWA ae » 
notelass gir SS8ta apm 
»Tear- “Voc 


sidiataatasd te soitemio t Tt on ea atten ' 
ae eopadqoivetoed Cae bas ‘a et 


y 1" pe T. 7 


bab ge edasel vele® ey eee 
vilsolgotoxee owt to non k 


el. eeemenge! 


“ben vue ,doaeb eoel hoa” 
¢Pinal yoloren ow? fo non, 


CTT) «togenqelde to: 


omen ivfoewg Paoo boa ebion— 


: Ste - agus 
aQaee aoe +9e0d sl bow aeBiad sean tebe ¢newO. a 
sit lom moat’ ano it teoqmos « Ane to ee ee 
+818 -HY8 a ote eget s ° ‘etubih mi aestxong ae | 


wn ivtdg peace ek ae. joliae ban yited yeessd st . 
gid ky does at # Leon tage b tg tlodgeora oo etemexombed 
‘Ved-088 sett alukyona + «tien 


Leda rneH bin es el gldtebee oh ¢tbotagent es@ gPterd fT) 
od? tut .€9M ogedqhdoo Ye e%antum IanoigipaeD .0e@l 
re%el yrosod tyd betibe ysaenwk¥ To qyetel assucetomu " 
CREE“9 55 <a. o¥ eK aeend ee ¥ wmoqdonanet bose : 


 ¥e nol tuteqgee “TSCh otet stabumenldl one | potent etqiot = 4bT 


eIk Ygosoni¥ ni ebod tek ‘tnt +e ?aenogmos ofel ssauriv 
ataebeok lf <r bas ~+2 ,houerometek yd berks 
; : +BbB-Cobeq «FH seaerd 


d a OGL 90 ister. pad eeH ~thodoyest 4.008 pravadee 2 


t te evitreqose sevigotolhd bow Sealiedo-Issiayiq sa08 


ae -1VE-886 tpg -foaiy orm eandgisos beqada=bor 


760 


T7Te 


78-2 


794 


80. 


81. 


82. 


83-6 


84. 


856 


86-6 


S87. 


8Ie 


94 


Sands, JsAo 1973. The phospholipid composition ots 
bacteriophage 46-6 Biochem. Biophye Rese Comme 5Ss 
111-116. 


Schildkraut, Cele, Marmur, Jey and Doty, Pe 1962. 
Determination of the base composition of deoxyribo-—- 
nucleic acid from its buoyant density in CsCl. 

Je Mole» Biole 4: 430-443. 

Schwartz, FeMe, and Zinder, NeDe 1963. Crystalline 
aggregates in bacterial celis infected with the RNA 
bacteriophage £22 Virol. 21:2 276-278. 


Schwartz, FeMe,s and Zinder, NeDe 1968. Morphological 
changes in Escherichia coli infected with the DNA 
bacteriophage #1. Virolte 34: 352-355. 


Scott, DeWs 1965. Serological cross reactions among 
the RNA-containing coliphagess Virole 26: 85-88. 


Sharabadi,y MeSe, Bryany LeEe, and Van Den Elzeny HeMs 
1975. Further properties of P-—2 R-factors of 
Pseudomonas aeruginosa and their relationship to other 
plasmid groups .« Cane Je Microbiol. In presse 


Siervo, AsJe i869. Alterations in the phopholipid 
composition of Escherichia coli B during growth at 
different temperaturese Je Bacteriol. 100°:1342-1349. 
Silbert, JeAcy Saiditt, Me, and Frankliny ReMe 1969. 
Structure and synthesis of a Lipid containing 
bacteriophages Tilt. Purification of bacteriophage PM2 
and some structural studies on the virione Virol. 39: 
666-681. 


Sinha, NeKe, Enger, MeDey Kaesberg, Pe 1965. 
Comparison of the pancreatic ribonucleic digestion 
products of R17 viral RNA and M12 virai RNAs 

Je Mole Biol. 12: 299-301. 


Stanisich, VeAes 1975. The properties and host range 
of male-specific bacteriophages of Pseudomonas 
aeruginosae Je Gene Microbiol. In presse 


Stent, GeSe i18971s Molecular Geneticse WeH.e Freeman 
and Company, San Franciscoe pe 204. 


Strauss,;JeHe, and Sinsheimer, ReLs 19634 Purification 
and properties of bacteriophage MS2 and of its 
ribonucleic acide Js Mole Biole 7:2 43-54. 


Studier, FeWe 1965. Sedimentation studies of the size 
and shape of DNAe Je Mole Biole Zi 373-390. 


Takeya, Key and Amako,y Ke 1966-2 <A rod-shaped 
Pseudomonas phages Virol. 28: 163-165. 


> 


m , 


oe 


odin 


aN cae ae fale 


i+ ites meer ee san “geveke! 
wails «reed aes st calcite a a 


: +4 “rad ‘ome gal tere pede oer 


“ious Xo meks lasqnmos seed of? To aoott.s iw ve 


«J 5eD wi Crisnel toeqout «91 moet bios of s 
- ae «ibb-OCP pi “Some . 


mitiliatiuyad  «eael of of et ebabs Sites’ tee extametoe « 


LVM oft ctiw beto@tal wifes Jaixetosd al setegoigge 
| sBUS-OFS UE heated es adinnentnny ‘od 


bis ‘ipofondrow BOGE shel rrebeds bre ete 


7 = ; 
aome wroltsae4 amos oD Sartgudowee: +200r > Wet 
88-86 285 ee, cdegaigqhios anialetaco-kue | ya 


oMeH goreeJa ned nev phen ee Fed eteurd aoe 


+ orf 


AG 


tk oF 


 ReEsIG al ener 


te di bows meet a 
OPC REL SOOL tienes 


nm Geet: 


“4 Mer 7 ae toed te pay rice i ‘1 
lod iV enebelv eat ae eolbure 


it <7 


. 
@ Pate 
Je 


ah 


+ SRM yt 


ssi # 


g 


ol? otiw betcetni iieo ale 
+®a€-SSb 726 efoad 


ue 


tt © Iielliedid "5 


to ee? s8t-H o~4q to as lireqota endewwt 
qidenoltsier shed? oe 


a “a ab snnen’ bae ¢« 
 yolelietnon: Bigit » 


caine ot speeded. natal etego3 pede gutiete 


‘no kTe4gkt chesounedia Fiteotaneg ed? To nowlradasd 


aAt 


AUR Seni St bas AMY Jenviv Tis 


to . / 
. _ of@t-eRe eal sJoif «fom ob 
nor teon bap ae is7sqeng oat sever hed oleinet®. 


sencmebuse4d to aepadqo breton oi kboege~osam to 

on Cameng on -Soidor9i4% acta «bt * Bes 

sis eeottens®) walvoetot elTOL, «809 ¢fne 72 
a | OS sq sonetonenl ast qoneqae® pne 


 nottoodt awd seoen atei intadeen ban es sbieewenta 


ati to base Sem a to eet aeqotm| bas 
o hE -ib ae efois .«Sou- ‘eblos otesounvdia 


ToT cn Sileaitiien oBGCL 6H e% pxekbure 


ORE-EFE 4h sJoia stom eu Ane ne: eqede bas 


be nsié—bem A 1oaet oa _ costs bon ved +eqoteT 


—_sAe fm oe) tee! 430 ee 


Ms 


90. 


91. 


92. 


93. 


94-6 


950 


96-0 


OTe 


98. 


99- 


95 


Tikhonenko, AeSe,y and Bespalova, IaAe 1961. On two 
forms of phage of Bacillus mycoides. Mikrobiologiya, 
3G: 867. English tran. in: Microbiology 30:705-712. 


Tikhonenko, AsSw« 1970. Uitrastructure of Bacterial 
Virusese Plenum Press, NeYs-Londone pe &8-99. 


Vasquez, Ce, Granboulany Ne, and Franklin, Re Me 1966. 
Structure of the ribonucleic acid bacteriophage R17. 
Je Bacteriol. 9§$2 =: 1779-1791. 


Vidaver, AaKey Koski, ReKey and Etten, JeLe 1973 
Bacteriophage 66: a lLipid-containing virus of 
Pseudomonas phaseolicola. Je Virol. 11: 799-805. 


Watanabey Ie, Miyakiy Te, Sakurai, Tey Shibay Tey and 
Ohno, Te 1967. Isolation and grouping of RNA phages. 
Japans Acade Proce 43: 204-203. 


Watanabe, Ie, Nishihara, Te, Kaneko, He, Sakuraiy Tey; 
and Csawa, Se 1967. Group characteristics of RNA 
pPhagese Japane Acads Proce 43:3 210-213. 


Weidel, Wey and Keilenberger, Ee 1955. The 
Escherichia coli B-receptor for the T5. ili. Electron 
microscopic studiese Biochim. Biophys. Act» 17: 1-9. 


Weidel, Wey and Primosigh,y, Je 1958. Biochemical 
paralleis between lysis by virulent phage and lysis by 
penicillins J» Gene Microbiol. 18: 513-517. 


Weidel, We 1958. Bacterial viruses (with particular 
reference to adsorption/penetration). 
Anne Reve Microbiol. 12:5 27-48. 


Zinder, NeDey Valentine, ReCeo, Roger, Mey and 
Stoeckeniusy We 1963. #1, a rod-shaped male-specific 
bacteriophage that contains DNA» Virol. 20: 638-640. 


et. ule rs | 
rol -iea tise » off | ae ee? ited kde ih eek ete * 
AvW To sohteinetoaveds guond .TOGL 22 ,owend. ki. 
3 -E1S-018 "hh eoaet ehewk sangeet © 
ban re : } eMail 
re et) a prnpeaeetaes bas eel oe 
oonrtowsSa oft o8T off? 10 oer-6 bios e oe 
Gt 222 eta enue ie word he lh Spe . = 
7A | "he e a ; PY) pe . 
. Sea tmedoo 56 seen” Sasss on geeeele ‘eo 
ed elas bane egedq tnelus ie gy sa sere aloiisasg |. 
, piri) 2 ‘eh b «missiotaeq — 
j ‘fan Way yom 


fo ‘ : ni 


owh nO’ «BOS f ,hed rave Sequeh seliee ia 
rh baer de dota OM +RELbUaem Bethe ee: . 
»StR=200 206 vygoho ldvnair sak : te oe dad So 
Titts: shi tu enaut?ou tear He) over. atehiian 
«FO —b wy snobawd=es saan avoos3 


{ Mm. «© iitaene® ‘bam ‘yet (ns Juednes0 eer ose i 
(lk epedecivatoad Hiow ahod waodia ad? to 
SEEGER ‘&8 << eer a 
oy “~ 
sore? oteb ,007 84 nities! oat Pena ehuhe 
to eotiv goiniatnoo~bigif a tde 
-208-7ev sf2. sfowiv ob oo 
ban e«F ehdhte eat oo eat ideqat aed 9odsaetel = 
“eyntq Ane to golquety bane aottsios! .Teet TF roadO n x 
. CUE +HGR, Re «2074 ‘+baos -aoqel 


relia Liaes, i? bw) widhibicben cnlineaem on +W giobiow 
! + (a0 tf ant snag \nohoqienbe of svneteter 
| sBb=RE kL «doidowsin sachet 


mo bine: «sll caida jsDee nk ae tev ged eh yiemnall. “7 Be 
Si tisequ-e lat begeda~bor « fit «8082 of yeuviasdosere oe 
«UbS-880 208 stori¥\ oan entatade todd sane acsrmdens all 


4 ae 


= 
/ 
¢ 
rH! 
7 
if 
» 
7 
" 
a 


